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SUMMARY
Although i t  is now rare for  a pa t ien t  to  succumb to  the 
acute metabol ic  derangements of diabetes m e l l i t u s ,  d ia be t ic  
patients s t i l l  have a reduced l i f e  expectancy and many develop 
disabl ing complications. The balance of the avai lable evidence 
suggests that near-physiological control o f  glucose metabolism 
at an ea r ly  stage in the disease would prevent many of the 
microangiopathic and neuropath ic  changes otherwise seen. At 
present,  whole organ or segmental pancreat ic  transplantat ion 
of fers the most physiological system of i n s u l i n  adm in is t ra t ion  
avai lable,  but the hope fo r  the future is that isolated i s le t  or 
foetal pancreas transplantat ion w i l l  become a c l in ic a l  re a l i t y .
As well as requiring only a re la t ive ly  minor procedure for 
e f fec t ive transplanta t ion, an advantage that isolated is le ts  and 
foe ta l  pancreas have over whole organ or segmental pancreas 
grafts is the a b i l i t y  to survive in v i t ro  allowing storage and a 
potential  opportunity fo r  immunomodulation.
Immunomodulation p r io r  to  t ransp lanta t ion  aims to reduce 
immunogenicity by a l t e r i n g  the antigen content of a g r a f t .  
Following the real isat ion of the p a r t i c u la r  importance of  MHC 
class I I  posi t ive ce l ls  in antigen presentation, much attention 
has been focussed on methods of removing these ce l ls .
Although foe ta l  t issues general ly  express much lower 
leve ls  o f  MHC antigens than adult organs, rat foetal pancreas 
a l log ra f ts  are rap id ly  re jec ted and immunomodulation of t h i s  
t issue has been pa r t icu la r ly  d i f f i c u l t  to achieve.
Experiments described in th is  thes is  confi rm the low 
levels of MHC antigen expression in the f r e s h ly  i s o la te d  ra t
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fo e ta l  pancreas. However, removal from the foetal environment 
resulted in an increased antigen expression in foe ta l  pancreas 
maintained in t i s s u e  c u l tu re  and stimulat ion with in ter feron- 
gamma (IFN-gamma) demonstrated the a b i l i t y  of the f o e t a l  
pancreas to synthesise and express MHC antigens.
DA f o e t a l  pancreas,  which is r a p id ly  re jec ted when
transplanted to the renal subcapsular s i t e  of  PVG re c ip ie n t s ,  
responded to a l log ra f t ing  by demonstrating a marked increase in 
MHC class I antigen exp re s s io n  on a l l  c e l l  t y p e s .  This 
increased class I expression included exocrine ce l ls  which had 
been shown to  remain negative in isografts. In a l log ra f ts ,  MHC 
class I I  antigens were expressed de novo on duct epithel ium and
exocrine ce l ls  whi ls t  endocrine cel ls remained resistant  to the
induction of class I I  expression. Isograft class I I  expression 
was unchanged.
Class I I  expression on exocrine ce l ls  and duct epithelium 
(which are absent in p u r i f i e d  i s le t  preparations) would be of 
importance i f  these ce l ls  were then able to function as antigen 
presenting ce l ls  and th is  could provide one possible explanation 
f o r  the  com para t ive  r e s i s t a n c e  o f  f o e t a l  p a n c re a s  to
immunomodulation.
The f u n c t i o n  o f  f o e t a l  pancreas t ra nsp la n ts  can be 
a f fec ted  by fac to rs  other than g ra f t  r e je c t io n  and s e r ia l  
immunohisto logical examination offers an a l te rnat ive method of 
gra f t  assessment. Using th is  technique, Cyclosporin A treatment 
was found to  prolong the survival of DA a l log ra f ts  in PVG and 
Lewis re c ip ie n t s ,  although subsequent d i s c o n t i n u a t i o n  of
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Cyclospor in A was fo l lowed by rapid re ject ion.  Cyclosporin A 
was also found to have a profound e f f e c t  on the an t igen  
expression o f  foe ta l  pancreas a l l o g r a f t s  with the pattern of 
expression coming to resemble tha t  of the i s o g r a f t .  In 
a d d i t i o n ,  both the magnitude and phenotype of  the c e l l u l a r  
i n f i l t r a t e  was also affected.
Induction of antigen expression on the ce l ls  of reject ing 
a l l o g r a f t s  is  probably a consequence of the local release of 
lymphokines and may precede any evidence of c e l l u l a r  damage by 
several days. Support ive evidence fo r  a loca l  release of 
lymphokine was provided by the observed increase in antigen 
expression on the a l l o g r a f t  r e c ip ie n t ' s  renal tubu la r  c e l l s  
adjacent to  the t ransp lan ted  foe ta l  pancreas. This induced 
expression on renal tubular cel ls  occurred only when reject ion 
was present and although some evidence of a very l imi ted g r a f t - 
versus-host reaction was seen in parent s tra in to FI transplant 
experiments, renal tubular-ant i  gen induc t ion  appeared to  be a 
consequence of the local release of lymphokine rather than as a 
resul t  of graft-versus-host-mediated damage to  the r e c ip ie n t ' s  
renal tubules.
Evidence tha t  IFN-gamma represented a possible candidate 
as a lymphokine of p a r t i c u la r  importance in the induc t ion  of 
ant igen expression was provided by observing a pa t te rn  of 
changes in the pancreas glands of adult rats given systemic IFN- 
gamma which was s im i l a r  to  tha t  seen in a l l o g r a f te d  foe ta l  
pancreas. However, as induction of class I I  antigen expression 
was not seen on exocrine c e l l s  in IFN-gamma t rea ted  adu l t
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pancreas, de novo expression of class I I  ant igens by exocrine 
ce l ls  in a l log ra f ts  must depend on the presence of e ither  higher 
levels of IFN-gamma or some additional factor .
Systemic IFN-gamma adm in is t ra t ion  was fo l lowed by an 
increase in the number of class I I  posit ive i n t e r s t i t i a l  cel ls  
with in the adult pancreas. One possible explanation fo r  th is  
increase i s  the conversion o f  class I I  negative i n t e r s t i t i a l  
c e l l s  to  c lass I I  p o s i t i v e  c e l l s  in s i t u .  I f  t h i s  were the 
case, t reatment of unstimula ted isolated is le ts  with class I I  
s p e c i f i c  a n t ib o d ie s  and complement may not remove a l l  
po ten t ia l ly  class I I  posi t ive ce l ls ,  rendering immunomodulation 
incomplete.
Although class I I  p o s i t i v e  c e l l s  w i th in  a g r a f t  have a 
p a r t i c u l a r l y  important  ro le in antigen presentation, recip ient  
class I I  posi t ive ce l ls  can provide an a l t e r n a t i v e  route fo r  
antigen p resen ta t io n .  The r e la t i v e  importance of these two 
pathways var ies  w i th  the t i s s u e ,  s t ra in  and species being 
considered. As the depletion of donor-strain class I I  posit ive 
i n t e r s t i t i a l  ce l ls  from DA foe ta l  pancreas by in te r im -h o s t in g  
did not prevent subsequent reject ion by PVG recip ients, antigen 
presen ta t ion  by r e c ip ie n t  c e l l s  may be im p o r ta n t  in  t h i s  
pa r t icu la r  instance. Antigen presentation by other ce l ls  within 
the foetal pancreas is another less l i k e ly  po ss ib i l i t y .
D i rec t  l a b e l l i n g  of c lass  I I  p o s i t i v e  c e l l s  w i t h i n  
isolated i s le t s ,  using speci f ic  monoclonal antibodies, provided 
a method for  investigating the mechanisms of act ion of various 
in v i t ro  manipulations designed to lower immunogenicity. Using
23
th is  technique prolonged t issue culture was shown to  produce a 
progressive decrease in the numbers of class I I  posi t ive ce l ls  
while i r ra d ia t io n  with 9000/m^ UVB did not.
Immunohistological observations of foe ta l  pancreas and 
is o la te d  i s l e t s  there fore  allowed the demonstration of changes 
in antigen expression under a v a r ie ty  of circumstances and 
provided an a l te rn a t i v e  to functional assessment as a means of 
evaluating foetal pancreas g ra f t  surv iva l.
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INTRODUCTION AND HISTORICAL REVIEW
Clin ica l  pancreatic t ransp lanta t ion ,  p a r t i c u l a r l y  foe ta l  
pancreas and isolated i s l e t  transplantat ion is s t i l l  a long way 
from becoming established as a safe and s a t i s fa c to r y  treatment 
fo r  Diabetes Me l l i tus .  However, the ineffectiveness of standard 
i n s u l i n  therapy in preventing the long- te rm c o m p l i c a t io n s  
associated wi th  t h i s  disease has provided a spur to research 
in i t i a t i v e s  around the world whose common aim is the development 
of a more e f f e c t i v e  form of replacement therapy fo r  pancreatic 
beta cel l  dysfunction.
Much of  the experimental work has focussed on methods of  
t r a n s p l a n t i n g  a source of i n s u l i n  production capable o f  
e s ta b l is h in g  ne a r -ph y s io lo g ic a l  g lucose hom eos tas is .  Of 
a d d i t i o n a l  i n t e r e s t  to  t r a n s p la n t  im m uno log is ts  is the 
poss ib l i ty  that  the immunogenicity of pancreatic t issue might be 
modified in some way that would allow subsequent a l log ra f t ing  or 
even xenogra f t ing  w i thou t  the requirement fo r  the leve ls  of 
recip ient  immunosuppression associated with other types of organ 
transplanta t ion. Before fur ther  examining potential  mechanisms 
by which these goals may be a t ta in e d  i t  is f i r s t  of a l l  
necessary to consider the condit ion tha t  pancreatic  i s l e t  and 
foetal pancreas transplantat ion would seek to t rea t .
DIABETES MELLITUS 
Historical Aspects of Diabetes Mellitus
Diabetes m e l l i t u s  has a long and fa s c in a t in g  h i s to r y .  
Although ear ly  accounts of the production of 'overabundant
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ur ine* were contained in the Ancient Egyptian wr i t ing dating 
from 1550BC, discovered in Luxor 1862 (Ebbell 1937), the f i r s t  
c le a r  d e s c r ip t io n  o f  what we would now re fe r  to  as Type 1 
Diabetes Mell i tus (National Diabetes Data Group 1979) has been 
a t t r i b u t e d  to  the physic ian Aretaeus who prac t iced  in the 
mountainous regions of Asia Minor near the River Euphrates at 
the end o f  the f i r s t  century AD. In addit ion to providing a 
v iv id  account of the 'melt ing down of the f lesh and limbs' into 
u r in e ,  Aretaeus postu lated tha t  the d e r iv a t io n  of  the word 
diabetes was from the Greek word fo r  a siphon (Wrenshall ,  
Hetenyl and Feasby 1962).
However, Aretaeus and his near contemporary Galen were of 
the opinion that the disorder was one of the kidneys (Henschen 
1969) and such was t h e i r  a u th o r i t y  tha t  t h i s  remained the 
prevai l ing opinion fo r  the next 1500 years.  The a t te n t io n  of 
European medical scholars was only turned away from the kidneys 
in the l a t t e r  ha l f  of the 17th century by the desc r ip t ion  by 
Thomas W i l l i s ,  Physician to  Charles I I ,  of the sweet taste of 
the urine of  d ia b e t ic  s u f f e r e r s  and his b e l i e f  th a t  'an 
affect ion of  the blood rather than of the kidneys' was to blame 
(W i l l is  1679). W i l l i s ,  however, thought the sweetness due to a 
combination of salts and acids (Poulsen 1982, Drury, 1985) and 
i t  was another hundred years before Mathew Dobson demonstrated 
th a t  the sweetness o f  the ur ine was due to the presence of 
fermentable sugar (Dobson 1776, Wrenshall et al 1962, Poulsen
1982). Dobson also described the serum of a diabet ic patient as 
being 'opaque, resembling cheese whey and being sweetish to the
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t a s te 1 and concluded that the excess sugar pr imar i ly  existed in 
the blood and was not formed in the kidney (Drury 1985).
Dobson's discoveries generated immense in te res t  among the 
erudite scholars of the day and prompted Claude Bernard to carry 
out experiments on the storage o f  sugar w i t h i n  the body. 
However, instead of f inding an internal 'assimilator*  organ as 
he had expected, Bernard discovered th a t  the l i v e r  stored or 
manufactured sugar and then released th is  in to  the blood stream. 
He concluded in 1848 that the fundamental defect in diabetes was 
fau l ty  nerve control of the l i v e r  result ing in the production of 
an excess of carbohydrate (Poulsen 1982, Drury, 1985). This 
view did not remain unchal lenged and Pavy of Guy's Hospital,  
London, who had studied with Bernard, took the opposite view, 
regarding diabetes as a d isorder  of u n d e r u t i l i s a t i o n  (Pavy 
1878).
In 1889, the cen tra l  ro le  of  the pancreas in diabetes 
m e l l i t u s  was f i r m ly  establ ished fol lowing the experiments and 
observations of Oscar Minkowski (Von Mering and Minkowski 1890). 
While investigating the role of the pancreas in the u t i l i s a t io n  
of fa ts ,  the observation by a laboratory servant of polyuria in 
a pancreatectomised dog prompted Minkowski to tes t  fo r and f ind 
sugar in the urine. When the pancreas was removed from three 
more dogs, a l l  became diabetic (Houssay 1952).
Confirmation that the diabetes was due to a lack of some 
sort of internal secret ion ra ther than absence of pancreat ic  
enzymes in the gut was provided by Hedon in 1893 (Bliss 1983) 
(and also confirmed by Minkowski (Minkowski 1893) by leaving
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p a r t  o f  th e  s t i 11-vascu la r ised  pancreas in a subcutaneous 
posit ion a f te r  removing the rest of the organ and f inding that 
the  an imal on ly  became d i a b e t i c  when t h i s  remnant was 
subsequently excised.
The search fo r  the internal secretion that was missing in 
diabetes was now on and the observation by Laguesse in 1893 
(Laguesse 1893) of the granular content of the islands of ce l ls  
de sc r ibe d  by Paul Langerhans twenty  fo u r  years e a r l i e r  
(Langerhans 1869), made these Is lets  of Lagerhans the l i k e l i e s t  
candidate fo r  the source of the ' internal secret ion ' .
Further evidence that Langerhans' i s le ts  played a central 
role in carbohydrate metabolism was provided by Szobolev who 
dem onstra ted  the  a t ro p h y  o f  the e x o c r in e  pancreas with 
p reservat ion  of i s l e t  t issue  and the absence of d ia be tes  
fo l lo w in g  l i g a t i o n  of the pancreatic duct (Szobolev 1902). At 
around the same time E.L. Opie of John Hopkins H osp i ta l  
described h i s to lo g i c a l  changes in the i s le t  cel ls of patients 
dying of diabetes (Opie 1900).
The next 20 years saw feverish a c t i v i t y  d i rec ted  towards 
the extract ion of the al l - important internal secretion from the 
pancreas. Banting and Best working with MacLeod and Col l i p  in 
Toron to  are u s u a l l y  c r e d i t e d  w i th  the f i r s t  successfu l  
attainment of th is  o b je c t ive  (Banting & Best 1922), although 
several other workers could be considered to have a pr io r  claim 
(Zuelzer 1908, Scott 1912, Kleiner 1919, Paulesco 1921).
Work proceeded apace in Toronto and Banting and Best 
quickly moved from experimenting with pancreactectomised dogs to
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t r e a t i n g  s e r i o u s l y  i l l  d i a b e t i c  p a t i e n t s  ( B l i s s  1983). 
I n t e r e s t i n g l y ,  some of Banting's dogs received extract derived 
from the pancreas of  fo e ta l  calves o b ta ine d  at the  lo c a l  
abbato i r  and although th is  ex t ra c t  success fu l ly  lowered the 
dogs' blood glucose, such was the demand f o r  i n s u l i n  f o r  the 
treatment of pa t ien ts  that Banting turned his attention to the 
more readi ly avai lable adult beef pancreas (B l is s  1983). This 
idea of  us ing f o e t a l  pancreas was probably based on the 
observation made by Laguesse in 1907 , tha t  in the pancreas of 
new-born and foe ta l  animals the i s l e t  c e l l s  were at a more 
advanced stage of development than the re la ted  ac inar t is su e  
(Cheymol 1972), an observation which is central to the use of 
foetal pancreas in experimental and c l in ica l  transplantat ion.
Complications of Diabetes Mellitus
The discovery and subsequent rapid c l in ic a l  applicat ion of 
i n s u l i n  had a dramatic e f f e c t  on the treatment of d ia be t ic  
patients. Pr ior to the 1920's, a diagnosis of  diabetes in a 
young patient amounted to a v i r tua l  death sentence with even the 
most strenuous d ie ta ry  m an ipu la t ions  on ly  pos tpon ing  the 
inevi table end by two or three years (Bliss 1983).
For the f i r s t  10 years fol lowing insu l in 's  discovery, the 
treatment of ketoacidos is  and in fe c t io n  remained the major 
problems and although an increased prevalence of  a r t e r i a l  
disease was noted in early reports, high leve ls  of cho lestero l  
in the d ie t  were thought to  be responsible ( J o s l in  1928). 
Descriptions of diabet ic retinopathy and neuropathy had appeared
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in the p re- insu l in  l i te ra tu re  (reviewed by McMillan 1975) but i t  
was only when d iabe t ics  had been treated with in s u l in  fo r  a 
number of years that the extent of the problem became apparent 
(Root et al 1939, Clawson and Bell 1949). During the 1940 ‘ s 
many repor ts  o f  the increased f requency  o f  hyp e r te n s io n  , 
a r t e r i a l ,  eye and k idney disease (Reviewed by Larsson, 
Lichtenstein,  Ploman 1952) brought about a gradual re a l i s a t io n  
tha t  many problems remained to be solved in the management of 
d iabetes .  Despite the increas ing s o p h is t i c a t io n  o f  i n s u l i n  
therapy over the years , large vessel and small vessel disease 
remain major causes of morta l i ty  and morbidity in patients with 
diabetes m e l l i t u s .  The average l i f e  expectancy of Type 1 
diabetics diagnosed before the age of 30 is only 29 years beyond 
the date of diagnosis, with only half  of such patients reaching 
50 years of age (A lber t i  and Hockaday 1983). Whereas, la rge 
vessel disease (macroangiopathy) accounts fo r  near ly th ree-  
quarters of a l l  deaths from diabetes in Western countries (West 
1978) microangiopathic lesions are extremely important causes of 
d i s a b i l i t y  and much attention in recent years has been focussed 
on p o s s i b l e  ways of r e d u c in g  the s e v e r i t y  of these  
comp!icat ions.
Diabetic nephropathy is a pa r t icu la r ly  important problem, 
affect ing 40-50 percent of diabetics at some stage (White 1956, 
Anderson et al 1983, Moloney et al 1983) and accounting fo r  
near ly one quarter  of a l l  new d ia ly s is  pa t ien ts  (Rao et al 
1980). Those pa t ien ts  who develop nephropathy account fo r  
almost a l l  the increase in m or ta l i ty  associated with diabetes
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whi le  those fo r tu n a te  enough to escape renal damage have a 
s im i la r  morta l i ty  to the rest of the population (Christiansen et 
al 1985). The r isk of developing nephropathy, although at f i r s t  
increasing with the duration of disease, reaches a peak at 20-25 
years with those surviving 35 years of  diabetes having a very 
low r isk of subsequently developing nephropathy (Anderson et al 
1983). I f  nephropathy was related only to the degree of control 
of the d ia b e t ic  s ta te ,  a l i n e a r  increase in the incidence of 
renal complications in re lat ion to time would be expected. The 
peaking and subsequent decl ine in incidence rates suggests that 
a subgroup o f  p a t i e n t s  e x i s t s  which is  more at  r i s k  o f  
developing renal disease and th is  may relate to e i ther genetic 
or environmental influences (Moloney et al 1983, Krolewski et al
1985). I f  th is  subgroup could be iden t i f ied  any treatment with 
potential  in preventing th is  complication could be ins t i tu ted  at 
an early stage.
Proteinuria may be such a marker but the onset of c l in ica l  
albuminuria, represented by a posit ive Albustix test represents 
a r e l a t i v e l y  advanced stage in the progression of renal damage 
(Mogensen 1986). Quantitat ive measurements of lesser degrees of 
a lbuminur ia  (mi croal bumi nuri  a) can detect less advanced renal 
damage but once present  the r i s k  of subsequent c l i n i c a l  
nephropathy is 80-100% (Mogensen 1986).
Commonly accompanying nephropathy, retinopathy is found in 
60-80 per cent of long standing diabetics (Knowles et al 1965, 
Waldhausl et al 1985), with diabetic eye disease being the main 
cause of  bl indness in the UK between the ages of  20 and 65
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(Albert i  and Hockaday 1983). Retinopathy, in addition to having 
serious im p l ic a t io n s  fo r  the q u a l i t y  of l i f e  of d ia be t ics  
presents the researcher with a complication assessable by f a i r l y  
non-invasive techniques which can be repeated to monitor the 
e f f e c t  t h a t  a change i n  t r e a t m e n t  may be hav ing on 
m icroangiopath ic  les ion s .  In a d d i t i o n ,  the re  is a c lose 
association between diabetic nephropathy and retinopathy and the 
f ind ing of microalbuminuria has strong p re d ic t i v e  powers with 
respect to p ro l i fe ra t iv e  retinopathy (Mogensen 1986).
Another compl icat ion of diabetes, peripheral neuropathy, 
has also been extensively investigated and an incidence rate in 
reported stud ies which var ies from 20-35 per cent probably 
re f lects  differences in diagnostic c r i t e r i a  and techniques of 
assessment (White 1956, Knowles et al 1965, Waldhausl et al
1985). The measurement of motor nerve conduction veloc it ies in 
the ulnar, peroneal and t i b ia !  nerves has provided another area 
where progression or improvement of complications can be studied 
non-invasively (Dahl-Jorgensen et al 1986, Winegard 1986).
The complications of diabetes mell i tus continue to have a 
profound e f f e c t  on the l i v e s  of those a f f l i c t e d  w i th  the 
disorder and present researchers with a continuing challenge to 
f ind and develop a more e f f e c t i v e  means of t r e a t in g  diabetes 
than conventional insu l in  therapy currently provides.
Relationship of Diabetic Complications to Glycaemic Control
The r e l a t i o n s h i p  o r  o th e rw is e  o f  m ic r o v a s c u la r ,  
macrovascular and neuro logical  complicat ions to the level of
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con tro l  o f  blood glucose has been one of the most contentious 
areas of debate in modern medicine. A f u l l  account of the 
argument f o r  and against the importance of blood glucose control 
is beyond the scope of t h i s  in t ro d u c t io n  and instead a b r ie f  
review of the major areas of evidence w i l l  be presented. 
Retrospective and epidemiological studies
This type of  study has sought to  i d e n t i f y  subgroups of 
patients in whom control of diabetes was e i ther 'good' or poor' 
and compare the incidence of  compl icat ions,  or a l te rna t ive ly  
compare the t ightness of contro l  in a group of pa t ien ts  with 
complications with a group without complications. Al location to 
'good' or 'poor'  subgroups has therefore been retrospective and 
ba-sed on f a i r l y  imprecise indicators such as the frequency of 
severe hyperglycaemia at c l i n i c  v is i ts  (Krowlewski et al 1985) 
or the  a c tu a l  number of o u t -p a t ie n t  attendances (Deckert,  
Poulsen and Larsen 1979). N e ve r th e le s s ,  in reviews by 
Tchobroutsky (1978) and Sch i f f r in  (1986) the balance of evidence 
from retrospective studies has been found to strongly favour an 
assoc ia t ion  between poor con tro l  and increased incidence and 
severi ty of complications.
One o f  the la rges t  s tu d ie s ,  i n v o l v i n g  f o u r  thousand 
Belgian d ia be t ics  ( P i r a r t  1977) found a strong c o r re la t io n  
between poor control and sever i ty  o f  nephropathy, re t inopathy  
and ne u ro pa thy .  Krowlewski  et al (1985) also found an 
association between nephropathy and more severe hyperglycaemia 
although the existence of other in f luenc ing  factors has been 
previously noted. Further evidence for  an assoc ia t ion  between
34
complications and poor control has been provided by many s imilar  
studies (Wilson, Root and Marble 1951, Hardin et al 1956, Jarret 
and Keen 1976, Howard Wil l iams et al 1984) and the part icu la r  
importance of good control in the f i r s t  few years of treatment
has been emphasised (Caird, P i r ie  and Ramsell 1969).
However, re t rosp ec t ive  studies are by th e i r  nature non­
randomised and most have been c a r r ie d  out a t  a t ime when 
a p p r o p r ia te  methods of m o n i to r in g  metabo l ic  contro l  and
achieving normoglycaemic were not avai lable. I t  is  also qu i te  
possible that  the association of 'poor contro l '  with more severe 
complications may merely id e n t i f y  a subgroup of  pa t ien ts  wi th  
more severe diabetes and conclusions regarding the effect of
restoring normoglycaemia on the incidence and progression of 
complications can not be drawn.
Animal experiments
Studies in animals w i th  chemically-induced diabetes have 
provided fur ther  evidence that microvascular complicat ions may 
be related to glycaemic contro l.
In al loxan-diabet ic dogs treated with insu l in  and studied 
over f ive  years a group with s t r i c te r  control of blood glucose 
leve ls  developed lesser degress of retinopathy and nephropathy 
than an equivalent group whose diabetic control was del iberately 
poor (Engerman, Bloodworth and Nelson 1977) although once 
re t inal  changes had developed th e i r  progression proved d i f f i c u l t  
to halt  (Engerman and Kern 1987).
N e a r - n o r m a l i s a t i o n  o f  ca rboh yd ra te  metabo l ism in  
p rev ious ly  d ia b e t ic  ra ts  is p o s s ib le  f o l l o w i n g  pancreas
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t r a n s p la n ta t io n  ( O r lo f f  et al 1986) and studies have been 
carr ied out on the effects of restorat ion of normoglycaemia on 
microvascular complications.
The progression of an early manifestation of renal damage, 
mesangial th ic ke n in g ,  has been halted and at times reversed 
fo l lo w in g  both i s l e t  (Mauer et al 1974, 1975) and pancreatico­
duodenal transplantat ion (Weil et al 1975) in diabetic rats and 
a r t e r i o l a r  t h i c k e n in g  has a lso  been p reven ted  by i s l e t  
transplantat ion (Gray and Watkins 1976).
The e f f e c t  o f  r e s t o r a t i o n  o f  a normal  g l y c a e m ic  
environment on the progression of glomerular basement membrane 
th icken ing  does not appear to  be so c lea r  cu t .  When i s l e t  
t ra n s p la n ta t io n  was car r ied  out in rats a f te r  seven months of 
diabetes, the glomerular basement membrane changes f a i l e d  to  
reverse ( S t e f f e s  et al 1979) a l though previous work had 
demonstrated a normalisation of urinary albumin excret ion when 
transplantat ion was carried out at th is  time (Mauer et al 1978). 
S im i la r  experiments in mice demonstrated t h a t  g lo m e ru la r  
basement membrane changes were only reversed i f  mice were 
t ransp lan ted  ea r ly  (th ree weeks) a f t e r  diabetes was induced 
rather than late (seven months) (Cuthbertson and Mandel 1987).
Excessive endo the l ia l  cel l  repl icat ion has been shown to 
represent an early manifestation of ret inal disease in diabetic 
mice and can be reversed by ea r ly  t ra n s p la n ta t io n  of i s l e t s  
(Naeser and Anderson 1983) although th is  p a r t i c u la r  change was 
not re ve rs ib le  in mice transp lanted la t e .  Cuthbertson and 
Mandel (1987) demonstrated that the response of the c a p i l l a r y
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basement membrane in the eye of diabetic mice was d i f fe ren t  from 
that of the glomerular basement membrane with la te  t ransp lan t  
being ju s t  as e f fect ive as early transplantat ion.
That changes in m icrovascu la ture of animals do not 
correspond exactly to the changes in humans has been emphasised 
from the ea r l ies t  studies (Engerman et al 1977) but the evidence 
from animal s tud ies at leas t  suggests th a t  microangiopath ic 
changes may be preventable or reversible i f  treatment is begun 
at an early enough stage.
Prospective c l in ica l  studies using exogenous insul in
Better control of blood glucose with near normalisation of 
l e v e l s  over  p ro longed p e r io d s  became p o s s ib le  w i th  the 
introduction of more frequent self -monitoring of blood glucose 
and more phys io log ica l  d e l iv e ry  systems such as continuous 
subcutaneous insu l in  infusions (CSII) (Pickup et al 1978). I t  
was only w i th  the development of such systems that meaningful 
prospective randomised control led t r i a l s  could be carr ied out, 
p r io r  to  t h i s  a l l  tha t  was ava i la b le  f o r  study was varying 
degrees of less than ideal contro l.
With regard  to  d i a b e t i c  r e t i n o p a t h y ,  no d e f i n i t e  
conclusions can be made on the basis of the evidence avai lable 
at present.  In t r i a l s  comparing CSII wi th  conven t iona l ly  
t rea ted con t ro ls  transient worsening of retinopathy has been a 
consistent and worrying feature (Steno Study Group 1982, Kroc 
Collaborative Study Group 1984, Dahl-Jorgensen et al 1985) with 
the appearance of cotton wool exudates in the f i r s t  few months 
of t rea tment ,  a feature normally in d ica t ive  of focal re t inal
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ischaemia (Wybar 1974). However, l a t e r  review of  the same 
groups of pa t ien ts  showed tha t  any t ra n s ie n t  worsening had 
resolved with some ove ra l l  improvement in re t inopathy  in the 
in te n s iv e ly  t rea ted  group in two of the studies (Kroc 1985, 
Dahl-Jorgensen et al 1986). In the th i rd  study the improvement 
at two years in the CSII t rea ted group was described as only 
marginal at most and th is  was thought to  have been due to the 
advanced nature of the background retinopathy at entry to the 
t r i a l  (Lauritzen et al 1985). In a fo u r th  re cen t ly  reported 
study comparing conventional insu l in  therapy with CSII, a f te r  
three yea rs  f o l l o w - u p  t h e re  was s i m i l a r  p r o g re s s io n  of  
retinopathy in both groups. However, the in te rpreta t ion of th is  
r e s u l t  is  complicated by the f a c t  t h a t  m e ta b o l ic  c o n t r o l  
improved in the conventional ly treated group as well as the CSII 
t rea ted  group (Olsen et al 1987). Other smaller studies in 
which background retinopathy was advanced at the time of entry 
to the t r i a l  have also fa i led  to show any improvement fol lowing 
intensive insu l in  treatment (Van Ballegooie et al 1984, Bell et 
al 1985, Verr i lo  et al 1986).
The t im ing  o f  the in t ro d u c t io n  o f  i n t e n s i v e  i n s u l i n  
the rapy  a lso  appears to be of the utmost importance when 
diabetic nephropathy is  being considered. By the time renal 
damage has progressed to the stage of f a i l i n g  glomerular 
fun c t ion  and A l b u s t i x - p o s i t i v e  p r o t e i n u r i a ,  the  process 
culminating in end-stage renal fa i lu re  has probably become se l f -  
perpetuating and cannot be influenced by the degree of metabolic 
c o n t ro l  ( V i b e r t i  et al 1983). I f  techn iques  of n e a r ­
38
normalisation of glucose metabolism such as CSII and pancreas 
t r a n s p l a n t a t i o n  are to i n f l u e n c e  the course of d ia b e t ic  
nephropathy i t  is  essent ia l  tha t  d ia b e t ic  pa t ien ts  at r isk  
should be t r e a t e d  e a r l y .  Microalbuminuria (detectable by 
quant i tat ive methods) at rest occurs at an ea r ly  stage in the 
progression of renal changes but i t s  presence useful ly predicts 
eventual renal damage (Mogensen 1986) and an increase in urinary 
albumin in response to exercise may be an even e a r l ie r  indicator 
(V ibert i  et al 1981) although t h i s  has been disputed (F e ld t -  
Rasmussen, Baker and Deckert 1985). Another feature of early 
renal changes in diabetic patients is glomerular hyp er f i l t ra t ion  
and t h i s  may be important in the pathogenesis of d ia b e t ic  
nephropathy (Christenson 1986).
Intensive insu l in  therapy has been shown to  reverse some 
of these ea r ly  changes wi th abnormally elevated glomerular  
f i l t r a t i o n  rates being reduced by a period of CSII treatment 
(Beck-Nielsen et al 1985, Christensen et al 1986, Dahl-Jorgensen 
et al 1986). A reduction in urinary albumin excretion fol lowing 
CSII would seem to depend on how advanced the renal damage was 
at the outset of treatment with patients in the Kroc Study (1984 
and 1985) who showed a reduction of albuminur ia with CSII 
tending to have lower i n i t i a l  levels of albumin excre t ion  than 
those in the Steno study who fa i led  to show the same improvement 
(Steno 1986). However, even i f  albumin excretion rates did not 
improve in the CSII p a t ie n t s  in t h i s  l a t t e r  study,  the 
functional albumin clearance increased in the conven t iona l ly  
t reated group while remaining b a s ica l ly  unchanged wi th CSII
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treatment (Feldt-Rasmussen, Mathiesen, Deckert 1986).
Two years  of CSII has also been shown to improve 
peripheral nerve function as measured by motor nerve conduction 
veloc ity  even i f  the motor nerve conduction ve loc ity  was within 
the normal range at the s t a r t  of the study ( P i e t r i , Ehle and 
Raskin 1980, Service et al 1985, Dahl-Jorgensen et al 1986). 
Autonomic nerve f u n c t i o n  has a lso  been shown to  improve 
fol lowing a s imi lar  period of CSII (Laur i tzen et al 1985) and 
sensory nerve func t ion  measured by vibrat ion sensory threshold 
improved when a two year regimen of more in tens ive  management 
was ins t i tu te d  (Holman et al 1983).
There fore ,  there is a d e f i n i t e  suggestion from studies 
employing systems o f  i n s u l i n  d e l i v e r y  r e s u l t i n g  in  near 
normoglycaemia tha t  some of the very early changes of diabetic 
microangiopathy and neuropathy may be favourably  in f luenced.  
However such is the complexity of normal insu l in  secretion and 
the m u l t i p l i c i t y  of factors inf luencing i t  (Waldhausl 1986) that 
no system of exogenous insu l in  administration could be hoped to 
mimic th is  completely and only pancreatic t ra n s p la n ta t io n  in 
some form could be hoped to provide a near-phys io log ica l  
replacement.
Cl inica l pancreas transplantat ion and diabetic complications.
At present there are insu f f ic ie n t  long-term survivors with 
f u n c t i o n i n g  pancreas g r a f t s  to  make any c lea r  statements 
regarding the e f fec t  of pancreas t ra n sp la n ta t ion  on d ia be t ic  
com pl ica t ions .  Unti l  now transplants have been carried out in 
patie.nts wi th  advanced complicat ions most of whom have also
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required simultaneous or p r io r  kidney transplants for  end-stage 
diabetic  nephropathy (Sutherland & Moudry 1987a). As a resu l t  
al though successful pancreas transplantat ion has been shown to 
re s u l t  in the disappearance of the need fo r  i n s u l i n  and the 
no rm a l isa t ion  or near-normalisat ion of metabolic abnormalities 
(Pozza et al 1985), the evidence that pancreas t ra n sp la n ta t io n  
can in f lu e nce  establ ished complications of diabetes is sparse 
(Sutherland and Moudry 1987b).
The only d i r e c t  evidence fo r  a b e n e f i c i a l  e f f e c t  o f  
pancreas t ra n s p la n ta t io n  on the secondary lesions of diabetes 
comes from studies of glomerular basement membrane thickening in 
k idneys t ra n s p la n te d  to d ia be t ic  re c ip ie n ts .  Although an 
uncommon cause of graft  fa i lu re  in the f i r s t  10 years fol lowing 
t ra n s p la n ta t io n  there is a gradual progression in glomerular 
basement membrane and mesangial th icken ing  (Mauer et al 1983 ,
1986). In a small group of pa t ien ts  studied by Bohman et al 
(1985), f ive  of six diabetic patients receiving a kidney g ra f t  
alone had e lec t ron  microscopic evidence of glomerular basement 
membrane th icke n ing  w i th in  two to three years whereas both 
patients with simultaneous pancreas and renal transplants seemed 
to  be pro tected from these changes. S im i la r  f ind ings  have 
recently been reported by the Minneapolis group fo r  a group of 
nine patients with longstanding pancreas g ra f ts  (B i lous et al 
1988). I n d i r e c t l y  support ing these f indings is evidence that 
restorat ion of a normoglycaemi c environment may even reverse 
n e ph rop a th ic  changes demonstrated by regression of f a i r l y  
advanced g lomeru losc leros is  in a kidney t ransp lanted from a
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diabet ic donor to a non-diabetic recipient (Abouna et al 1983) 
although th is  rather surprising f ind ing requires confirmation.
Therefore although by piec ing toge ther  evidence from 
diverse sources a pattern emerges suggesting tha t  glycaemic 
c o n t r o l  i s  in d e e d  i m p o r t a n t ,  t h e  case f o r  pancreas 
t r a n s p la n ta t io n  or any o the r  form of t re a tm e n t  having a 
b e n e f ic ia l  e f f e c t  on the secondary complications of diabetes 
must be regarded as being 'non-proven1. I f  such treatments are 
going to have a s ign i f ican t  effect i t  is l i k e ly  that th e i r  early 
appl icat ion w i l l  be essential.
CURRENT STATUS OF CLINICAL PANCREAS TRANSPLANTATION 
Whole Organ and Segmental Pancreas Grafts
Over the l a s t  22 years,  pancreas t ra n s p la n ta t io n  has 
evolved from an e s s e n t ia l l y  experimental procedure with a low 
success ra te  to  an operation wi th  resu l ts  now beginning to 
approach tha t  of other so l id organ transplants (Sutherland and 
Moudry 1987).
Since the f i r s t  human pancreas transplant was carried out 
in 1966 ( K e l l y  et al 1966),  more than 1 ,000 pancreat ic  
transplants have been ca r r ied  out world wide (Sutherland and 
Moudry 1987). Frequent complicat ions re la ted to leakage of 
exocrine secre t ions  and the apparent poor performance o f  
aza th iop r ine  and s tero ids  as immunosuppressants were major 
factors in the early disappointing experience and th is  led some 
workers to d iscon t inue  pancreas t ransp lan t  programmes and
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temporarily turn the i r  attention instead towards c l in ica l  i s le t  
transplantat ion (Sutherland et al 1980).
In terest  in pancreas transplantat ion was rekindled in the 
1980’ s by two important developments. F i r s t l y ,  the use of a 
te c h n iq u e  o f  duct o b l i t e r a t i o n  with the syn th e t ic  polymer 
Neoprene avoided the necessity  of inco rpo ra t ing  a drainage 
procedure to  deal with the exocrine secretions and th is  made the 
operation both simpler and safer (Dubernard et al 1978). The 
second i n n o v a t i o n  was the  i n t r o d u c t i o n  o f  the po ten t  
immunosuppressive Cyclosporin A. This agent p a r t i c u l a r l y  when 
used in combination with azathioprine and prednisolone resulted 
in s i g n i f i c a n t l y  improved g ra f t  surv iva l  wi th an associated 
improvement in morta l i ty  (Sutherland & Moudry 1987).
With the in t rodu c t ion  of Cyclosporin A, prednisolone 
dosages have been reduced and th is  has allowed a reassessment of 
var ious techniques of deal ing with the exocrine secret ions 
(Sutherland et al 1982). Concern tha t  in the long-term, the 
f i b r o s i s  associated with duct i n je c t io n  ( B1anc-Brunat et al
1983) w i l l  lead to impaired endocrine function,  has resulted in 
a number of centres using a l te rnative methods of duct drainage. 
The most common techniques in use today are drainage in to  the 
small in tes t ine  using a Roux en Y and drainage in to  the bladder, 
with both techniques having a s im i la r  success ra te  to tha t  of 
duct i n j e c t i o n  (approximately 40% one year g r a f t  s u rv iv a l )  
(Sutherland & Moudry 1987). A more recent development al lows 
drainage of the venous outflow from the pancreas in to  the portal 
c i rcu la t ion  with the exocrine secretions from the paratopical ly
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placed pancreas d r a i n i n g  i n t o  the  stomach. Th is  more 
p h ys io log ica l  s i tu a t io n  may confer benef i ts  in the long-term 
(Caine 1984).
Following improvements in immunosuppressive regimens and 
in techniques of deal ing with the exocrine secret ions, i t  has 
become apparent that many early f a i l u r e s  were due to  vascular 
thrombosis due to the inherent low blood flow through the graft 
(Caine et al 1980, Groth et al 1982). The cons t ruc t ion  of an 
arterio-venous f i s tu la  between the splenic vessels d ista l  to the 
pancreas has been shown to improve blood flow through the graft 
and may reduce the incidence of thrombosis (DuToit et al 1981, 
Duffy & Caine 1984) although a n t i p l a t e l e t  or an t icoagulant  
agents may s t i l l  be required (Duffy & Caine 1984).
Most patients transplanted with a pancreas have had either 
simultaneous or previous kidney g r a f t s .  Although pa t ien t  
su rv iva l  is  higher in patients transplanted p r io r  to end-stage 
diabet ic nephropathy, pancreas graft  surv iva l is s i g n i f i c a n t l y  
poorer in t h i s  group (Sutherland & Moudry 1987). Part of the 
reason f o r  t h i s  d i f f e r e n c e  is re la te d  to the increased 
d i f f i c u l t y  of diagnosing re ject ion when a kidney from the same 
donor is not present to act as a 'barometer.' Urinary amylase 
e s t im a t ion ,  when the bladder is  used fo r  exocr ine drainage 
(Sol l inger et al 1985) and the observation of an accumulation of 
111-Indium label led p late lets  during reject ion o f fe r  additional 
means of diagnosing re je c t io n  (Jurewicz et al 1985) and i f  a 
d ra inage  c a th e te r  i s  used to  temporary  e x t e r i o r i z e  the 
pancreatic ju ice  when pancreat ico-enterostomy techniques are
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used, cytological examination of  the ju i c e  may provide ear ly  
evidence of reject ion (Brattstrom et al 1980).
A l though  the advances d e s c r ib e d  above have allowed 
pancreas t ra n s p la n ta t io n  to become a sa fe r ,  more e f f e c t i v e  
ope ra t ion ,  re su l ts  w i l l  have to be considerably better before 
there is more widespread a p p l ica t ion  of t h i s  procedure as a 
treatment fo r  diabetes me l l i tus .  With whole organ and segmental 
pancreas t r a n s p l a n t a t i o n ,  i t  is l i k e l y  t h a t  l i f e - l o n g  
immunosuppression w i l l  be required and transplantat ion is only 
logical i f  the complications of immunosuppression do not prove 
to  be g rea te r  than the d ia b e t ic  complicat ions the transplant 
hopes to  prevent.
The p o s s i b i l i t y  of avoid ing or at leas t  reducing the 
amount of im m u n o s u p p r e s s io n  r e q u i r e d  by in v i t r o  
immunomodulation of the t issue pr io r  to t ra ns p la n ta t io n  is  one 
of the most a t t r a c t i v e  prospects being currently  considered. 
The prospect of achieving t h i s  aim seems more l i k e l y  to be 
a t t a i n a b l e  f o r  i s o l a t e d  i s l e t s  and foe ta l  pancreas than 
vascularised organ grafts .
Isolated Is le t and Foetal Pancreas Transplantation
Whereas whole organ or segmental pancreas transplantat ion, 
has been, un t i l  recently, an operation with worrying levels of 
morbidity, c l in ica l  i s l e t  transplantat ion has been described as 
being a 'safe but ine f fec t ive  procedure' (Largiader 1977).
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I s le t  Transplantation
Encouraging results of experiments in rodents using is le ts  
prepared from adult,  neonatal and foetal sources raised hopes of 
s i m i l a r  success in  c l i n i c a l  i s l e t  and f o e t a l  pancreas 
transplantat ion (Bal l inger and Lacy 1972, Leonard, Lazarow and 
Hegre 1973, Kemp et al 1973, Brown et al 1974, Matas et al
1976). However, i s o la t io n  and separation of i s l e t s  from the 
more f ib ro u s  human pancreas proved to  be more d i f f i c u l t  and 
early c l in ic a l  experiments invo lved u n p u r i f ie d ,  col lagenase- 
dispersed pancreat ic  fragments in jec ted  in to  the portal vein 
(Sutherland et al 1980). Although encouraging resu l ts  from 
p re v io u s  a u t o g r a f t  operations in pa t ien ts  w i th  nea r - to ta l  
pancreactectomy seemed to val idate the techniques used, none of 
seven d ia b e t ic  renal a l l o g r a f t  recipients receiving dispersed 
pancreatic t issue a l l o g r a f t s  in a s im i la r  way became in s u l in  
f ree although small r ises  in u r ina ry  C-peptide leve ls  and a 
temporary decrease in insu l in  requirements were observed in some 
patients (Sutherland et al 1980). Other investigators too had a 
s i m i l a r l y  d i s a p p o i n t i n g  e x p e r ie n c e  and of 74 i s l e t  
a l l  ot ranspl ant procedures iden t i f ied  by the Human Pancreas and 
I s le t  Registry up to 1980, in only one case was there convincing 
evidence o f  successful transplantat ion from a non-fetal source 
(Sutherland 1981). Largiader et al (1980) had t ransp lanted 
pancreat ic  fragments via the portal vein in four patients and 
in to  the spleen in three. Of the seven recip ients, one patient 
who had received both kidneys and i n t r a s p ! e n i c a l l y  in jec ted  
pancreatic  fragments from a two and a h a l f  year old donor
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even tu a l ly  became in s u l i n  independent. Full doses of insul in 
were required fo r  the f i r s t  six months fol lowing transplantat ion 
but t h e r e a f t e r  requirements f o r  exogenous i n s u l i n  gradual ly  
decreased and f i n a l l y  at eight months the patient became insul in 
free. However, some 10 months la te r ,  th is  patient rejected both 
kidneys and at the same time became hyperglycaemi c , requ ir ing  
insu l in  before dying one fu r the r  month la te r  (Sutherland 1982). 
Although no intrasplenic i s l e t  t issue was ide n t i f ied  at autopsy 
th is  would be in keeping with reject ion of the pancreatic tissue 
one month p r io r  to death. More recently Alejandro et al (1987) 
documented prolonged su rv iva l  o f  i s l e t s  in four patients who 
were receiving immunosuppression fo r  a previous or simultaneous 
renal transplant . Increased plasma C-peptide levels were found 
in a l l  p a t i e n t s  but a l though  some re d u c t io n  in i n s u l i n  
requirements was possible no patient became insu l in  free.
I t  has been suggested that the fa i lu re  of early c l in ica l  
i s l e t  transplantat ion has been due to i n s u f f i c i e n t  numbers of 
i s l e t s  t ransplanted to poss ib ly  inappropr ia te  s i tes  with an 
increased suscept ib i l i ty  to both reject ion and the unfavourable 
environment created by cort icosteroid administrat ion (Sutherland 
et al 1980).
More recent experiments in larger mammals have shown that 
techniques developed for i s le t  separation have the potential  to 
produce su f f ic ie n t  t issue to show a c l in ica l  e f fec t  (Gray et al
1986). That s i m i l a r  techn iques  of separation have been 
succe ss fu l ly  appl ied to  th e  human pancreas suggest  t h a t  
i s o la t io n  of s u f f i c i e n t  numbers of human i s l e t s  should be
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possible (Gray et al 1984). Problems of reject ion however have 
s t i l l  to be overcome and th is  is complicated by the fact that 
the most potent immunosuppressive agent, Cyclosporin A, may be 
t o x i c  to the p a n c re a t ic  beta ce l l  (Andersson et al 1984 ,
Gunnarson et al 1984, Hahn et al 1986).
Foetal pancreas transplantat ion
Human foe ta l  pancreas has a t t r a c t e d  i n t e r e s t  as an 
a l t e r n a t i v e  source of endocrine t issue fo r  t r a n s p la n ta t io n ,  
part ly  because of the i n i t i a l  problems of i s o l a t i n g  s u f f i c i e n t  
numbers of i s l e t s  from the adul t pancreas. A capaci ty fo r  
growth and d i f fe ren t ia t io n  in to  a pure endocrine organ, and the 
possibly lower immunogenicity of foetal pancreas were additional 
a t t rac t ive  features to early transplanters (Valente et al 1980). 
Viable fo e ta l  pancreas can be kept in cu l tu re  fo r  extended
periods (Farkas and Joo 1984, Jones and Tu r t le  1985) and th i s
allows select ive survival and pro! i fera t ion of i s le t  t issue and 
atrophy of associated exocrine elements (Mandel et al 1982). In 
addit ion to of fering opportunit ies for  in v i t ro  modification of 
the graf t  immunogenicity (discussed la te r )  long-term cu l tu re  
offers a suitable means of stor ing i s le t  t issue un t i l  su f f ic ien t  
material is avai lable fo r  transplantat ion with cryopreservation 
of t i s su e  being a su i ta b le  a l t e rn a t i v e  (Chastan et al 1980, 
Brown et al 1980, Sandler et al 1982). The capacity for  growth 
and d i f f e r e n t i a t i o n  of f o e t a l  human pancreas has been 
demonstrated h i s t o l o g i c a l l y  and f u n c t i o n a l l y  f o l l o w i n g  
t ra n s p la n ta t io n  to the nude mouse (Maitland, Parry and Turt le 
1980, Tuch, Ng and Turt le 1985, Sandler et al 1985, Hul let et al
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1987) and i l l u s t r a t e s  the potential  advantage of transplanting 
immature t issue, even i f  a period of several months of residence 
in the diabet ic recipient  is required before the beta cel ls are 
able to respond sa t is fa c to r i l y  to a glucose chal lenge (Tuch et 
al 1985).
The most encouraging repor ts  of  human foe ta l  pancreas 
t r a n s p la n ta t io n  were both publ ished in 1980. Valente et al 
t ransp lan ted  human foeta l  pancreases to intramuscular sites in 
10 patients. In a fur ther two patients, t issue from four foetal 
pancreases was in je c te d  via a percutaneous catheter into the 
por ta l  vein a f t e r  a p re l im ina ry  four day period of t issue  
c u l tu r e .  One o f  the pa t ien ts  wi th  int ramuscular placement of 
foe ta l  pancreas was able to achieve 'adequate  g lycaemic 
homeostasis'  a f t e r  f i v e  months and both patients who received 
in traporta l  inject ions were able to reduce t h e i r  i n su l in  dose 
fo r  a short time.
Chastan et al (1980) t ransp lan ted  pancreas tissue from 
foetuses of nine weeks g e s ta t io n  f o l l o w i n g  a per iod  of 
cryopreservation with subsequent culture fo r  f ive  days. In one 
pat ient ,  fol lowing transplantat ion of fragments representing 21 
pancreases to the pectora l  muscle, i n s u l i n  was discont inued 
a f t e r  62 days and the pa t ien t  remained i n s u l i n - f r e e  fo r  12 
months although his response to glucose st imulat ion and stress 
was abnormal.
In a fur ther study by Tuch et al (1986), fou r  pa t ien ts  
received foetal pancreas of 14-20 weeks gestation which had been 
cu l tu red  fo r  6-21 days. Although no p a t i e n t s  showed any
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metabolic evidence of functioning i s le t  t issue, one patient who 
was a l re a d y  r e c e iv in g  c y c lo s p o r in e  and p re dn iso lone  as 
immunosuppression f o r  a previous renal transplant developed a 
mass at a s i t e  where pancreas fragments had been in je c te d .  
Th i r teen  months a f t e r  the o r ig in a l  t ra n sp la n t  t h i s  mass was 
biopsied and found to contain a heavy i n f i l t r a t e  of small 
lymphocytes but w i th  some residual pancreatic duct structures 
and endocrine cel ls  present. Although very small quanti t ies of 
i n s u l i n  cou ld  be e x t r a c te d  from one area of the t i s s u e ,  
immunoperoxidase staining of h is to logica l sections showed alpha 
and delta ce l ls  only with absence of the insul in-containing beta 
ce l ls .  However one fur ther patient was la te r  reported to have 
small numbers of beta c e l l s  as wel l  as alpha and delta cel ls 
surviving 12 months a f te r  transplantat ion (Tuch et al 1987a).
No other stud ies have reported complete success with 
pa t ien ts  becoming insul in-independent fo r  a s ign i f ican t  period 
of time fol lowing foetal pancreas transplantat ion although Groth 
et al (1980) and Farkas et al (1987) showed some elevation of C- 
peptide levels suggestive of increased insu l in  production while 
patients of Hu et al (1985) showed a marked reduction in insu l in  
requirements fo l lo w in g  t ra n s p la n ta t io n  with cu l tu red  foe ta l  
pancreas, wi th  one dose of anti-human thymocyte globul in being 
given to supplement the t rad i t iona l  Chinese herbal medicine used 
fo r  immunosuppression. However, Usadel et al (1980) reported no 
change in C-peptide leve ls  or i n s u l i n  requirements in one 
pa t ien t  wi th foe ta l  pancreas transplanted to an intramuscular 
s i te .
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This l im i te d  exper ience  w i th  human f o e t a l  pancreas 
transplantat ion raises several in terest ing points. F i r s t l y ,  in 
the two patients described above who became insulin-independent, 
a delay of two months and f i v e  months occurred before insul in 
could be discontinued suggesting tha t  e i th e r  foe ta l  pancreas 
must undergo a mandatory per iod of maturat ion before i t  can 
respond adequately to a glucose stimulus or that in these cases 
in s u f f i c ie n t  pancreatic t issue was transplanted (or the s i te  was 
inappropriate) and func t ion  was delayed u n t i l  the t issue  had 
grown. Secondly, neither of these two patients were receiving 
immunosuppression and i f  foetal pancreas had indeed survived in 
these pa t ien ts  th is  raises the in t r igu ing p o s s ib i l i t y  that in 
some way the immunogenicity o f  the pancreas at the time of 
transplantat ion was insu f f ic ien t  to provoke a complete rejection 
response. I t  is  i n te r e s t in g  to note in t h i s  context tha t  
transplantat ion had been preceeded in both cases by a re la t ive ly  
short period of t issue culture with cryopreservation also being 
used in one of the cases (Chastan et al 1980). F inal ly , the 
f inding of surviving duct structures and alpha and de l ta  c e l l s  
in the apparent  absence of beta c e l l s  in a lymphocyte- 
i n f i l t r a t e d  mass (Tuch et  al 1986) ra is e s  fe a rs  t h a t  a 
re cu r rence  of 'auto-immune' a c t i v i t y  may be an add i t iona l  
problem af fec t ing  the transplantat ion of i s le t  t issue.
The evidence therefore fo r  the effectiveness of both i s le t  
and foetal transplants is at present very sparse and only when 
f u r t h e r  exper ience  has been accrued, employing recent  
developments based on animal work, w i l l  the potential  benefit of
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these forms of  transplantat ion be assessable. Questions related 
to  re ject ion and especial ly to  recurrence of auto-immune damage 
can only be f u l l y  answered from more extensive c l in ic a l  t r i a l s .  
Ethical considerations in foetal t issue transplantat ion
Although problems of donor supply a f f e c t  vascularised 
pancreas and iso la ted  i s l e t  t ransp lan ts  in a s im i la r  way to 
other organs, the transplantat ion of foetal t i s s u e  has i t s  own 
pa r t icu la r  ethical d i f f i c u l t i e s  {Sutherland et al 1981, Gray and 
Morr is  1987). The recent use of f o e t a l  s u b s t a n t i a  n ig ra  
t ra nsp la n ts  in pat ients  with Parkinson's disease (Pearce 1988) 
has brought the question o f  t ra n s p la n ta t io n  o f  fo te a l  t issue  
in to  the area of pub l ic  debate. The ethics surrounding th is  
have been e loquen t ly  summarised in a leading a r t i c l e  in the 
B r i t i s h  Medical Journal (Gil lon 1988) and i t  would appear that 
much of the opposition to the use o f  foe ta l  t i s s u e  stems from 
those who have moral o b je c t i o n s  to a b o r t i o n  under any 
circumstances. I t  is possible, however, fo r even those people 
who fee l  th a t  abort ion is m ora l ly  wrong to be able to accept 
that transplanting the t issues  from already aborted foetuses 
could be m o ra l l y  ac c e p ta b le .  Careful safeguards w i l l  be 
required to  ensure t h a t  g u i d e l i n e s  a l re a d y  approved are 
understood by the publ ic and care fu l ly  adhered to by the medical 
profession (Supplementary Annual Report o f  the General Medical 
Council 1988).
Techn ica l ,  immunological and ethical problems al l  remain 
to be resolved before transplantat ion of pancreatic  beta ce l ls  
can be expected to make any real impact on the devastating t o l l
52
of m o rb id i t y  and m o r ta l i t y  c u r re n t ly  i n f l i c t e d  on d iabe t ic  
p a t ie n t s .  Vascularised organ g ra f ts  appear to be the most 
successful source of beta c e l l s  at present but problems of  
s u p p l y ,  the need fo r  a major o p e ra t io n  and l i f e - l o n g  
immunosuppression, make i t  u n l i k e l y  to be the best possible 
solut ion in the long-term. Short of preventing diabetes in the 
f i r s t  instance or 'curing' i t  before the damage is  i r re ve rs ib le , 
the transplantat ion of isolated is le ts  or foetal pancreas would 
seem to o f fe r  the best hope f o r  the fu tu re .  The l i k e l ih o o d  
that transplantat ion of th is  t issue would involve a f a i r l y  minor 
procedure makes i t  more suitable fo r  the patients who are l i k e ly  
to benefit  the most. The possible additional advantage of being 
able to  reduce or avoid immunosuppression by modifying the 
immunogeni c i  ty  of the graft  is  an excit ing prospect which w i l l  
now be discussed in de ta i l .
IMMUNOGENICITY OF FOETAL PANCREAS 
AND ISOLATED PANCREATIC ISLETS IN RODENTS 
Inherent Immunogenicity
Following the encouraging re su l ts  of t r a n s p la n ta t io n  of 
ovary, parathyroid and thyroid a l log ra f ts  (Linder 1961, Russel & 
Gittes 1959, Perloff  et al 1978) i t  was hoped th a t  pancreat ic  
i s l e t s  would also enjoy the apparent advantage of the lower 
immunogenicity possessed by endocrine t issue. Disappoint ingly, 
however, i s l e t s  t ransplanted across strong his tocompatib i l i ty  
barr iers were rapidly rejected (Reckard and Barker 1973, Finch
53
and Morris 1976) and compared poorly with other organs in terms 
of su rv iva l  when t ransp lan ted  in rats (Nash, Peters & Bel l
1977).
When i t  was shown th a t  t ransp lanted syngeneic foe ta l  
pancreas could successfully reverse diabetes in rats (Brown et 
al 1974) i t  was hoped th a t  the added advantage of immaturity 
would resul t  in a lower capacity to evoke an immune response as 
suggested by e a r l i e r  experience with skin grafts (Bill ingham & 
S i lve rs  1964, Wachtel & S i lve rs  1972, Hes lop ,  Car te r  and 
Hornibrook 1973). However, foetal pancreas was also found to be 
ra p id ly  re jected (Spence, P e r lo f f  and Barker 1979, Garvey, 
Morr is  & M i l l a rd  1979, Mullen & Shintaku 1980) and in fac t  
appeared, to be more immunogenic than i s o l a t e d  i s l e t s  
(Simeonovic, Agostino and Laffer ty  1984), perhaps as a result of 
associated lymphoid t i s s u e  t r a n s p la n te d  w i th  the f o e ta l  
pancreas .  That f o e t a l  t i s s u e  per se was not in fa c t  more 
immunogenic was estab l ished by the demonstrat ion that i s l e t  
precursors ( p r o i s l e t s )  i s o la te d  from foe ta l  pancreas would 
survive when transplanted to a non-immunosuppressed rec ip ien t  
across a major h i s t o c o m p a t i b i l i t y  b a r r i e r  thus implying that 
some other component of the fo e ta l  pancreas was the more 
important immunogenic stimulus (Simeonovic & Laffer ty  1982). In 
a l a t e r  ser ies of experiments Simeonovic & L a f fe r t y  (1987) 
showed th a t  foe ta l  pancreas was u n iv e rs a l l y  re jec ted in a l l  
s tra in combinations examined but pro is le t  survival was possible 
in some experimental groups and th is  seemed to be related more 
to the s p e c i f i c  s t r a i n s  used than  the degree  o f
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hi s tocompat ib i l l ty .
P ro is le t s  have a s im i l a r  immunogenicity to adult is le ts  
(Prowse et al 1983) and more recent evidence suggests that the 
apparen t  s u s c e p t i b i l i t y  to  r e j e c t i o n  of  i s l e t s  in ear ly  
experiments may have been at least part ly  due to contaminating 
s t r u c t u r e s  in  r e l a t i v e l y  u n p u r i f i e d  i s l e t  p repa ra t ions . 
Pur i f ied i s le t s ,  carefu l ly  separated from lymph nodes, ductal 
and v a s c u la r  s t r u c t u r e s  and exocrine c e l l s  are much less 
susceptible to reject ion in mice than unpu r i f ied  preparations 
and of the contaminating structures, lymphoid t issue appears to 
be the most immunogenic (Gotoh et al 1986). When endothe l ia l  
c e l l s  and exocrine s t ru c tu res  are added to  preparations of 
p u r i f i e d  i s l e t s  there is no e f f e c t  on immunogen ic i ty  but 
r e j e c t i o n  i s  a c c e le ra te d  by the add i t ion  of  donor -s t ra in  
splenocytes (Gores et al 1986).
P u r i ty  of p repa ra t ion  and the  amount o f  asso c ia ted  
lymphoid t issue  present, however, would not appear to account 
fo r  the described increased immunogenicity o f  i s lo la te d  i s l e t s  
compared with vascularised pancreatic  g ra f ts  (P e r lo f f  et al 
1980, S u th e r lan d  et  al 1980, Reckard e t  al 1981), as 
vascularised pancreatic gra f ts ,  by th e i r  nature would contain a 
greater number of associated lymphoid c e l l s .  The r a p id i t y  of 
i s l e t  r e je c t io n  has prompted speculat ion that the mechanisms 
involved d i f f e r  from those a f f e c t in g  vascular ised organs and 
antibody-mediated and macrophage-mediated reject ion have been 
suggested as p o s s i b i l i t i e s  ( N a j i ,  Barker  & S i l v e r s  1979, 
Schwitzer, Leiter and Evans 1984, Nash and Bell 1979). However,
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an early i n f i l t r a t i o n  of  lymphocytes is  seen on h is to lo g ic a l  
examination of in t r a p o r ta l  i s l e t  a l log ra f ts  and cell-mediated 
immunity would appear to  be the most im p o r ta n t  mechanism 
involved (Charles et al 1984). Why the kinetics of reject ion 
should be more rapid in isolated i s l e t s  remains uncerta in and 
may re la te  in some way to the manner in which the is le ts  are 
exposed to  the  r e c i p i e n t ' s  immune system. The s i t e  of 
transplantat ion has a modifying effect on re ject ion .  Thus i s le t  
xenografts and a l logra f ts  transplanted to the renal subcapsular 
s i te  survive fo r  longer than is le ts  injected in t rapo r ta l ly  (Lacy 
et al 1982, Yasunami et al 1983, Su l l ivan  et al 1987 , Reece- 
Smith et al 19 81a ) '  a l t h o u g h  the r e l a t i v e  degrees o f  
immunoprivilege of these two sites seems to depend on the degree 
of h i s t o c o m p a t i b i l i t y  w i th  the i n t r a p o r t a l  s i t e  having 
immunological advantages for  transplants between congenic mouse 
s t ra in s  (Gores et al 1987) in add i t ion  to having the well  
recognised metabol ic advantage of  i n s u l i n - d e l i v e r y  to the 
portal system (Reece-Smith, McShane & Morris 1982).
Immunomodulation by tissue culture
Pancreatic t issue, does not therefore appear to enjoy any 
consistent immunological advantage by v i r t u e  of i t s  endocrine 
nature .  Iso la ted  i s l e t s  and foetal pancreas however have the 
a b i l i t y  to  survive in appropriate systems of t issue culture and 
thus manipulat ions designed to  reduce immunogenicity can be 
carried out in v i t ro .
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In 1957 Snell suggested th a t  'donor lymphocytes car r ied  
over in to  the g r a f t 1 were of prime importance in i n i t i a t i n g  
re ject ion and that removal of such 'passenger leukocytes' would 
be a more r e a d i l y  a t t a in a b le  ob jec t ive  than reducing the 
an t igen ic i ty  of each individual component of the g ra f t .  Most of 
the in v e s t ig a to rs  endeavouring to reduce the immunogenicity of 
pancreatic t issue have accepted as th e i r  paradigm the hypothesis 
th a t  t r a n s p la n t a t i o n  antigens, as iso la ted  molecules, are 
themselves weak immunogens and donor s t ra in  leukocytes are the 
main determinants of immunogenicity ( L a f fe r t y  et al 1983). 
According to th is  hypothesis, two separate signals are required 
f o r  e f f e c t i v e  t r i g g e r in g  of a l l o r e a c t i v e  T-lymphocytes. One 
s ignal  is  provided by the b ind ing o f  antigen to  the T ce l l  
re c ep to r  but a second s igna l  from a metabo l ica1ly ac t ive  
s t im u la t in g  c e l l  is  requ ired .  In the case of the passenger 
l e u k o c y te ,  both s ig n a ls  can be provided by the same c e l l  
(Lafferty  and Simeonovic 1984).
The potential  importance of  passenger leukocytes in the 
context of endocrine transplantat ion was f i r s t  shown by Lafferty 
et al (1975) who demonstrated pro longat ion of mouse thy ro id  
a l l o g r a f t s  by a 12 day period of cu l tu re  in a high oxygen 
environment, conditions thought to be unfavourable to leukocyte 
survival (Anderson, Hellung-Larsen and Sorensen 1968) and la ter  
showed that a l logra f ts  were rejected i f  donor s t ra in  leukocytes 
were i n j e c t e d  (Talmage et al 1976). Ear ly  re po r ts  o f  
p ro longat ion of surv iva l  o f  ra t  i s l e t  a l l o g r a f t s  fo l low ing  
re la t ive ly  b r ie f  periods of culture (Kedinger et al 1977) led to
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an explos ion of  in te re s t  in immunomodulation of  i s l e t s  and 
foe ta l  pancreas in v i t r o  as a means of avo id ing rec ip ien t  
immunosuppression.
Culture in high oxygen concentrations
A seven day period of culture at high oxygen tension has 
a l low ed  succe ss fu l  t r a n s p la n ta t io n  of i s l e t s  between MHC- 
disparate mouse stra ins, although aggregation of the is le ts  into 
clusters was necessary p r io r  to  culture in order to  avoid oxygen 
t o x i c i t y  to the endocrine c e l l s  (Bowen, Andrus and L a f fe r ty  
1980). The beneficial e f fec t  of culture at high oxygen tension 
fo r  seven days was found to extend to ra t  to mouse i s l e t  
x e n o g r a f t s  which showed pro longed  s u r v i v a l  d e s p i te  the 
accumulation of lymphoid aggregates around the t ransplanted 
is le ts  (Lacy, Davie and Finke 1980). Similar results were found 
fo r  ra t i s l e t  a l l o g r a f t s  (Tucker et al 1983). However th is  
apparent immunomodulating e f f e c t  of high concentrat ions of 
oxygen is not seen in a l l  s tra in combinations examined. Bradley 
et al (1986) only achieved a 50% surv iva l  rate fol lowing the 
transplantat ion of BALBc mouse is le ts  to CBA/J recipients. When 
transplantat ion between outbred mice was used as a model for the 
genetic v a r i a b i l i t y  w i th in  the human popu la t ion ,  cu l tu re  of 
i s l e t s  f o r  7-10 days at high oxygen concentrations resulted in 
only a 45% acceptance rate even when donor pretreatment with 
cyclophosphamide was used. A twelve day course of recipient 
immunosuppression using cyc lospor ine was required to achieve 
100% acceptance (Simeonovic, Prowse and Laffer ty  1986).
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Foetal pancreas has proved to be much more d i f f i c u l t  to 
modify in high oxygen tensions than isolated i s le t s .  Periods of 
c u l t u r e  as long as 17-23 days were required before mouse 
a l log ra f ts  would be accepted (Simeonovic et al 1980, C o l l i e r  
and Mandel 1983, Georgiou and Mandel 1987) and even then, in 
only a proportion of a l l o g r a f t s  was surv iva l  prolonged. The 
increased d i f f i c u l t y  experienced in conditioning foetal pancreas 
t issue has been thought to be due to the lymphoid aggregates 
i n t im a te ly  associated wi th  the foetal organ (Simeonovic et al
1980) and the f inding of prolonged survival in only a proportion 
of an experimental group may re late to individual differences in 
the amounts of lymphoid t issue transplanted with the pancreas.
Xenografts of mouse fo e ta l  pancreas cu l tu red  in high 
oxygen concentrations have also been carried out, but were only 
successful when re c ip ie n t  ra ts  were immunosuppressed w i th  
steroids (Thompson, Bowen and Burton 1987).
In add i t ion  to fo e ta l  pancreas being more d i f f i c u l t  to 
condition than isolated i s le t s ,  rat foetal pancreas would appear 
to be more d i f f i c u l t  to modify than mouse grafts . Fourteen days 
of culture in 95% oxygen was found to be insu f f i c ien t  to allow 
survival of rat a l lograf ts  in a study carried out by Bowen et al 
(Bowen, Thompson and Burton 1987). Various techniques of 
r e c ip ie n t  immunosuppression were added to  supplement the in 
v i t ro  immunomodulation and weekly doses of methyl predni sol one 
found to be the only e f fect ive regimen. However, although the 
dose of cyc lospor in  used was adequate th i s  was discont inued 
a f t e r  fou r  days and a longer course of t h i s  agent may have
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produced d i f fe ren t  results. Unfortunately i t  was d i f f i c u l t  to 
know to what extent the in v i t ro  culture conditions contributed 
to  th e  s u r v i v a l  o f  pancreas in  r a t s  r e c e i v i n g  m e thy l  
prednisolone as no s tero id- treated animals received uncultured 
grafts .
Culture at low temperature
Other techniques of t i s s u e -c u l tu re  have been used which 
avoid the potential  tox ic  ef fects of high oxygen concentrations. 
Following the discovery that lymphocytes maintained at 22°C for 
four days lose t h e i r  a b i l i t y  to st imula te  a mixed lymphocyte 
culture (Opelz and Terasaki 1974), rat i s le t s  were a l lo g ra f te d  
by the portal venous route a f te r  a seven day culture period at 
a s im i lar  temperature (24°C). Prolongation of survival was seen 
a l though a s in g le  dose of anti - lymphocyte  serum was also 
administered (Lacy, Davie & Finke 1979). Rat i s le ts  cultured in 
a s im i la r  way were also able to survive when transplanted to 
mouse re c ip ie n ts  and the c e n t ra l  importance o f  passenger 
leukocyte in a c t i v a t io n  or e l im in a t io n  was suggested by the 
observed rap id  re je c t io n  fo l lo w in g  the i n j e c t i o n  of  donor 
splenocytes (Lacy, Davie & Finke 1981). The immunomodulatory 
e f fect  of low temperature c u l tu re  has also allowed prolonged 
surv iva l  in rat recip ients of both MHC-incompatible rat is le ts  
and even monkey is le ts  without the need fo r  ALS administrat ion, 
(Tze & Tai 1983, Ricordi et al 1988) although transplantat ion to 
an im m u n o p r iv i1eged s i t e  was necessary f o r  some s t r a i n  
combinations studied (Ricordi et al 1988).
60
Culture fo r  prolonged periods
The detrimental ef fects of high oxygen concentrations and 
low temperature culture on the endocrine c e l l s  of mouse foeta l  
pancreas are e v id e n t  when marginal volumes of t issue  are 
t ransp lanted (Mandel and Koulmanda 1985). Other less to x ic  
systems have been i n v e s t i g a t e d  inc lud ing  c u l tu re  at more 
conventional temperatures in an atmosphere of 5% carbon dioxide 
and a i r .  However, c u l tu re  under these conditions for 10 days 
was found to be ine f fec t ive in prolonging i s l e t  survival between 
outbred mouse s t ra in s  (Anderson and Buschard 1977) despi te 
evidence tha t  even seven days of cu l tu re  in a i r  at 37°C was 
su f f ic ien t  to reduce the passenger leukocyte component of is le ts  
(Rabinovitch et al 1982, Serie et al 1983, Gebel et al 1983). 
Extending the period of cul ture to 21 days allowed prolongation 
of surv iva l  of mouse i s l e t s  between s t ra ins  wi th only minor 
antigen d i f fe rences  (Georgiou & Mandel 1987) and culture fo r 
even longer periods was also found to have be ne f ic ia l  e f fec ts  
regarding the immunogenicity of a l logra f ts  but led to a gradual 
loss of i s l e t  v i a b i l i t y  (Andersson 1982). Again the additional 
lymphoid t issue associated with foetal t issue seemed to m i l i ta te  
against an immunomodulatory e f fec t  of cu l tu re ,  wi th  21 days of 
cu l tu re  in a i r  at 37°C appearing to  be i n e f f e c t i v e  fo r  ra t 
foetal pancreas a l lograf ts  (Garvey et al 1980a).
P u r i t y  of p r e p a ra t io n ,  p a r t i c u l a r l y  w i th  regard to  
contamination by lymphoid elements, does indeed appear to have 
an important bearing on the e f fec t iveness  or otherwise of in 
v i t r o  t re a tm e n ts .  When h ig h l y  p u r i f i e d  ra t  i s l e t s  are
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transplanted across a major h is tocompatib i l i ty  barr ier ,  culture 
in a i r  at 37°C fo r  only three days allows prolonged survival 
(Selawry et al 1984). Culture-isolated neonatal rat i s le ts  also 
su rv iv e d  as a l l o g r a f t s  f o l l o w i n g  10 days in v i t r o  under 
conventional  cond i t ions  (Ser ie and Hegre 1985) with re su l ts  
comparable to other techniques of iso la t ion s im i la r ly  designed 
to reduce lymphoid contamination (Yasunami et al 1983).
Culture in n u t r i t i o n a l l y  poor medium
Another technique of immunomodulation by t issue  cu l tu re  
which may be app l icab le  to i s l e t  t ra nsp la n ta t ion  has been 
reported recently. A very short period of culture (16-20 hours) 
in a n u t r i t i o n a l l y  poor medium and a low oxygen environment has 
been shown to  prolong mouse th y ro id  a l l o g r a f t s  t ransp lanted 
across both major and minor h i s to c o m p a t ib i l i t y  b a r r i e r s .  
Again, the important ef fect  of th is  culture system seems to be 
an i n a c t i v a t io n  or e l im in a t io n  of passenger leukocytes wi th 
immunogenicity capable o f  being restored by an in je c t io n  of 
fresh donor pe r i tonea l  exudate ce l ls  (Moreland and Mullbacher 
1987).
Treatment with antibody directed against passenger leukocytes
The ind irec t  nature of much of the evidence suggesting 
tha t  the important  e f f e c t  of c u l tu re  is  passenger leukocyte 
e l im in a t ion  does not ru le out the p o s s ib le  ro le  of o th e r  
potential  benefits of culture (such as the decreased expression 
of h istocompatib i l i ty  antigen on endocrine c e l ls  themselves as 
suggested by Woehrle et al (1986)). More direct evidence that 
removal of passenger leukocytes alone w i l l  s u f f ic e  has been
provided by showing a l l o g r a f t  survival fol lowing treatment of 
i s l e t s  with complement and an t ibod y  d i r e c te d  aga ins t  la 
determinants in mice (Faustman et al 1981). Ia antigen is  
present in large amounts on passenger leukocytes but general ly  
thought to  be absent or present in only very small amounts on 
endocrine ce l ls  and by using immunofluorescent techniques, two 
m orpho log ica l ly  d i s t i n c t  populations of Ia posit ive cel ls have 
been ide n t i f ied  in mouse i s l e t  t issue (round cel ls  and dendr it ic  
c e l l s ) .  When only the dendr i t ic  cel ls  were el iminated, using a 
speci f ic an t i -dendr i t ic  cel l  antibody and complement, long-term 
su rv iva l  was seen in 89% o f  a l logra f ts  (Faustman et al 1984). 
However, th is  s t i l l  allows fo r  the p o s s ib i l i t y  tha t  other non- 
d e n d r i t i c ,  Ia p o s i t i v e  c e l l s  may also play a part in antigen 
presentation and that the a n t i - d e n d r i t i c  ce l l  ant ibody merely 
reduced the to ta l  number of Ia posit ive cel ls  to a level which 
was no longer immunogenic. These f indings the re fo re  seemed to 
prove that the removal of passenger leukocytes alone would allow 
a l log ra f t  surv ival.
However, the results of other experiments suggest that the 
overa l l  p ic tu re  is more complex. When strong responder ra t 
strains such as Lewis were used as recip ients,  an t i - la  antibody 
and complement treatment of is le ts  p r io r  to transplantat ion was 
not su f f ic ie n t  to a l low cons is ten t  pro longat ion  of  a l l o g r a f t  
su rv iva l  and a 7 day period of culture at 24°C in addition to  
re c ip ie n t  immunosuppression was required before 100% g ra f t  
survival was achieved (Terasaka et al 1986). I f  the only effect  
of culture at low temperatures is the e l im ina t ion  of  passenger
leukocytes then e i t h e r  the antibody and complement fa i led to 
penetrate to a l l  of the Ia posit ive ce l ls  in the graf t or some 
of  the antigen presenting c e l l s  w i th in  the i s l e t s  were Ia 
negat ive (a t  le a s t  at the t ime of an t ibody  t r e a t m e n t ) .  
Presentation of antigen by host cel ls  may have been involved and 
subsequently inhib ited by immunosuppression of the recipient but 
th is  would not explain the synergist ic ef fec t  of the period of 
low temperature culture.
Other techniques used to reduce is le t immunogenicity
Ult rav io le t  i r rad ia t ion
Is le t  immunogeni ci  t y  has also been reduced by t r e a t in g  
iso la ted  i s l e t s  in cu l tu re  wi th  u l t ra v io le t  (UV) i r rad ia t ion .  
Following the observation that donor-speci f ic  unresponsiveness 
to subsequent i s l e t  t ra n s p la n ta t io n  could be induced by the 
transfusion of UVB-irradiated donor-strain blood (Lau, Reemtsma 
and Hardy 1983) i t  was found th a t  in ce r t in  ra t  s t r a i n -  
combi nations, d irect UV i r rad ia t ion  of the isolated is le ts  alone 
would al low t h e i r  ind e f in i te  survival (Lau, Reemtsma and Hardy 
1984a). With i s le t  a l log ra f ts  to 'high responder' rat s tra ins,  
however, a short course of re c ip ie n t  immunosuppression was 
required in addition to UV treatment before inde f in i te  survival 
could be obtained (Lau, Reemtsma and Hardy 1984b). U l t rav io le t -  
i r rad ia t ion  also prolonged the survival o f  i s l e t s  transplanted 
across a species barr ier (monkey to mouse) when recipients were 
addi t ional ly  treated with anti-lymphocyte serum but i n d e f i n i t e  
survival was not achieved (Chabot et al 1987).
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The e f fe c ts  of UV i r r a d i a t i o n  also seem to be directed 
towards the Ia pos i t ive  passenger leukocyte component of the 
g r a f t .  For obvious reasons, research in to  the e f fec ts  of 
u l t r a v io le t  wavelengths on ce l l  populat ions has been focussed 
mainly on the sk in .  Among epidermal c e l l s ,  a populat ion of 
bone-marrow der ived, Ia antigen p o s i t i v e  d e n d r i t i c  ce l l  is 
found .  These so -ca l led  Langerhans' c e l l s  have propert ies  
s im i la r  to dendr it ic  ce l ls  found elsewhere and play an important 
part in antigen presentation (Wolff and Sting! 1983). Exposure 
of skin to UVB i r rad ia t ion  a l te rs  i t s  antigen presenting a b i l i t y  
(Bergstresser and S t re i le in  1983). Although actual numbers of 
Langerhans' cel ls  do not appear to decline (Aberer et al 1981), 
except when very high doses are used (Odling, Ha l l iday  and 
Mulle r  1987), there is  f u n c t i o n a l  impairment of an t igen  
presentation with loss of surface markers possibly including Ia 
expression (Aberer et al 1981, Krueger and Emam 1984) although 
t h i s  has been disputed (Lau et al 1983, Czernielewski et al
1984).
The e f f e c t  on Ia expression seems at leas t  in part  to 
depend on when th is  is measured in re lat ion to exposure to UV 
t reatment .  Per ipheral blood mononuclear c e l l s  have normal 
leve ls  of Ia expression immediately a f te r  i r rad ia t ion  but th is  
declines to low levels between 4 and 8 hours la te r  (Gruner et al 
1986). This f in d ing  may exp la in the unmodified re je c t io n  
experienced by ra t  i s l e t s  i f  t r a n s p la n ta t io n  is  undertaken 
wi thout a l low ing a 24 hour period of ' r e s t i n g '  fo l low ing  UV 
i r rad ia t ion  (Hardy et al 1984). However, Czernielewski et al 
(1984) found no diminution in the numbers of Ia posit ive cel ls
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in an i rradiated epidermal c e l l  suspension regardless of the 
interval before measurement and the most important effect of UV 
i r rad ia t ion  is  probably the fu n c t io n a l  impairment of antigen 
presentation whether or not Ia antigen levels are altered. 
Cryopreservation
An al te rnative to t issue culture as a means of storage of 
i s le ts  p r io r  to transplantat ion is cryopreservation (Warnock et 
al 1987). Recent reports  suggest tha t  t h i s  method too may 
reduce immunogenicity as shown by prolongation of rat is le ts  in 
mouse re c ip ien ts  although some recipient immunosuppression was 
s t i l l  required (Coulombe, Warnock and Rajotte 1987).
Mechanical barr iers
Even i f  the in t r in s ic  immunogenicity of i s l e t  t issue  is  
l e f t  una l te red ,  re je c t io n  might be prevented by avoiding any 
contact between the t ransp lan ted  t issue  and the re c ip ie n t ' s  
immune mechanisms. Early attempts to construct  mechanical 
b a r r ie r s  or chambers which would s t i l l  a l low d i f fu s io n  of 
n u t r ien ts  and in s u l i n  were rather disappointing and have been 
assessed by Theodorou and Howell (1979). The development of new 
materials has led to a reawakening of in terest in th is  concept 
and alg inate-polylysine encapsulated ra t  i s l e t s  have survived 
fo r  prolonged periods in mice (O'Shea and Sun 1986). Grafts 
eventual ly fa i led  due to  gradual death of i s l e t  c e l l s  from a 
lack of n u t r i e n t s  as these capsules became overgrown but 
retransplantat ion from the same s t ra in  of donor again led to 
prolonged reversal of diabetes (O'Shea and Sun 1986) rul ing out 
any po ss ib i l i t y  that immune mechanisms were involved in g ra f t  
f a i 1ure.
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REDUCING THE HOST RESPONSE TO 
FOETAL PANCREAS AND ISOLATED ISLETS
I t  is possible that through a greater understanding of the 
mechanisms of r e j e c t i o n  and f u r t h e r  developments in the 
immunomodulation of  iso la ted  i s l e t s  and f o e t a l  pancreas,  
a l l o t r a n s p l a n t a t i o n  or even xenotransp lanta t ion could be 
achieved w i thou t  the need f o r  re c ip ie n t  immunosuppression. 
However, from the ava i la b le  evidence, a more r e a l i s t i c  hope 
would be that by reducing the immunogenicity of the g ra f t ,  the 
leve l  of immunosuppression necessary to induce unresponsiveness 
to  donor t is sue  could be minimised, although some form of 
r e c i p i e n t  t re a tm e n t  would probab ly  s t i l l  be r e q u i r e d .  
Techniques that have been used to modify the rec ip ient 's  immune 
response in rodent experiments have included both specif ic and 
non-specif ic measures.
Specific immunosuppressive techniques
Induction of tolerance
In general,  i t  is  d i f f i c u l t  to induce do no r -spe c i f ic  
unresponsiveness in adult animals. However, the administration 
of donor-strain bone marrow or l i v e r  ex t rac ts  as a source of 
antigen, coupled with various regimens of anti-lymphocyte serum 
a d m in is t ra t ion  prolonged the surv iva l  o f  i s l e t  and f o e t a l  
pancreas a l l o g r a f t s  in cer ta in  mouse and rat st ra ins although 
permanent acceptance of grafts was not achieved ( Pani jayanond 
and Monaco 1974, V ia le t tes  et al 1978, Mullen 1980&1981).
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Similar results were obtained when donor-strain red blood cel ls  
t rea ted  w i th  an a n t i - l a  antibody and complement were given to 
recipients p r io r  to subsequent i s le t  transplantat ion with long­
term acceptance of mouse a l l o g r a f t s  without the need fo r  any 
fu r the r  recip ient  treatment. The e l im in a t io n  o f  Ia p o s i t i ve  
ce l ls  from donor blood used to induce tolerance was a c r i t i c a l  
step as untreated red blood ce l ls  f a i l e d  to  induce a to le ra n t  
state (Faustman et al 1982).
More complicated systems have also been used to induce 
donor-specif ic tolerance to subsequent i s l e t  a l l o g r a f t s .  In 
ra ts  w i th  lo n g -su rv iv ing  renal a l lograf ts  (fol lowing a 14 day 
course of cyclosporine) a state of tolerance ex is ts  which w i l l  
allow transplantat ion of isolated is le ts  from the same stra in of 
donor (Gray et al 1984). I f  a s im i la r  s tate of to le rance was 
found to ex is t  in the c l in ica l  s i tua t ion ,  i s le ts  from the same 
donor, stored by cryopreservation, could la te r  be transplanted 
to the diabetic  recipient of a renal transplant.
The method used to induce to le ra n c e  appears to be 
important in determing the future of transplants from the same 
donor s t r a i n ,  as when to lerance to heart a l log ra f ts  had been 
obtained by passive enhancement, subsequent i s l e t  g ra f ts  were 
re jec ted in an unmodified manner (Nash, Peters and Bell 1978,
Per lo f f  et al 1981).
Tolerance to  a p a r t i c u la r  donor s t r a in  has also been 
achieved by induc ing  a ch im e r ic  s ta te  us ing t o t a l  body 
i r rad ia t ion  and bone marrow transplantat ion. Prolonged survival 
of adul t  i s l e t s  and foeta l  pancreas in rat a l 1otransp lants
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( B r i t t  et al 1982, Mullen and Shibukawa 1982) and more recently 
neonatal pancreas in mice (Iwai et al 1987) has been obtained by 
th is  method. I t  would appear that when the potential  risks of 
i r ra d ia t io n  and graf t versus host disease were balanced against 
the l i k e l y  benefit of the g ra f t ,  the c l i n i c a l  app l ica t ions  of 
th is  technique would be l im i ted.  However i t  has been suggested 
that fo l lowing i r rad ia t ion  of the recip ient , foetal pancreas and 
haemotopoeitc stem cel ls  from the l i v e r  of the same donor could 
be transplanted (Iwai et al 1987).
Passive enhancement
Enhancement protocols using donor-specif ic antibody which 
have been effect ive fo r  other organ transplants have had only a 
l im i t e d  degree of success in rodent i s l e t  t ra n s p la n ta t io n .  
Results f o r  i s l e t  t ra nsp la n ta t ion  have been very dependent on 
the degree of h is tocompatib i l i ty  (Finch and Morr is  1976 , Nash 
Peters & Bell 1977, Morris et al 1980) and passive enhancement 
of foetal pancreas appears to be ineffect ive (Garvey, Mil lard & 
Morris 1980, Mullen 1980).
As fo e ta l  pancreas and iso la ted  is le ts  are transplanted 
without an immediate blood supply i t  is perhaps not surpr is ing  
th a t  an t i -donor  ant ibod ies do not e f f e c t i v e l y  block antigen 
recognition by the host.
Non-specific immunosuppression
One of the ear l iest  approaches to the immunosuppression of 
experimental i s le t  transplantat ion was to target therapy against 
host lymphocytes. Anti - lymphocyte serum (ALS) was used to
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attempt to modify the host response to i s l e t  a l log ra f ts .  Again 
the effectiveness of th is  agent was very dependent on the degree 
of h i s to c o m p a t i b i l i t y  between donor and recip ient  with a short 
course of ALS s ign i f ican t ly  extending the survival of DA is le ts  
in MHC-compatible ACI rec ip ien ts  but proving ine f fect ive when 
s t ro ng ly  h is to - incom pa t ib le  s t ra ins  were used (Reckard and 
Barker 1973). I f  ALS was continued i n d e f i n i t e l y ,  permanent 
acceptance of i s l e t  a l l o g r a f t s  t ransplanted across a minor 
h is tocompat ib i l i ty  barr ier  was possible (Gray & Watkins, 1974).
Treatment with ALS was also found to be the most effect ive 
of a number of immunosuppressive regimens in preventing foe ta l  
pancreas re je c t io n ,  a l low ing inde f in i te  survival of FI foetal 
pancreas in DA recipients (Garvey, Mil lard and Morris 1980b).
An a l te rnative method of modifying the host lymphocyte 
response has recen t ly  been described (Hahn et al 1987). By 
using an antibody directed against the In te r le u k in  2 receptor 
( IL -2 R ) ,  the c lonal  expansion of  ac t iva ted  T lymphocytes is 
i n h ib i t e d  e i t h e r  by merely b lo c k in g  the recep to r  or by 
el iminating IL-2R posit ive ce l ls .  Moderate prolongation of rat 
i s l e t s  across a major h i s to c o m p a t ib i l i t y  b a r r i e r  has been 
a c h ie v e d  u s in g  t h i s  a n t i b o d y  in  a s s o c i a t i o n  w i th  a 
subtherapeutic dose of Cyclosporin A.
Following speculat ion tha t  macrophages were esp ec ia l ly  
important in isolated i s le t  re ject ion, immunosuppressive therapy 
has also been targeted against t h i s  c e l l - t y p e  (Nash & B e l l ,
1979). Using s i l i c a  which is select ively  tox ic  to macrophage 
populations, prolonged survival of rat i s le ts  from FI donors has
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been achieved in parent-strain recipients (Nash et al 1980).
Other more non-specific agents that have been assessed in 
e x p e r i m e n t a l  i s l e t  t r a n s p l a n t a t i o n  have  i n c l u d e d  
cyclophosphamide, procarbazi ne, azathioprine and prednisolone 
but at best only s l igh t  or moderate prolongation of survival has 
been obtained in weak s t ra in  combinations (Morris et al 1980, 
Mullen 1980, Marquet & Heysteck 1975, Bell et al 1980). 
Cyclosporin A
Cyclosporin A has proved to be a potent immunosuppressive 
agent both in c l i n i c a l  and experimental organ transplantat ion.  
A dose of lOmg/kg/day given fo r  seven or 14 days is su f f ic ien t  
to  completely suppress re jec t ion  of DA kidneys by the strong- 
responder Lewis strain (Homan et al 1980). However, in t h is  
same s t ra in  combination m od i f ica t ion  of the host response to 
t ransp lan ted  i s l e t s  has proved to be much more d i f f i c u l t ,  
emphasising the apparent increased susceptibi 1 i t y  to reject ion 
of th is  t issue. Even wi th doses of Cyclosporin A as high as 
40mg/kg/day only a very s l igh t  prolongation of in t rapo r ta l ly  or 
i n t r a s p l e n i c a l l y  t ransp lanted DA i s l e t  su rv iva l  was seen in 
Lewis recipients (Morris et al 1980).
The re s u l ts  of i s l e t  t ra n s p la n ta t io n  in other s t ra in  
combinations carr ied out at about th is  time emphasised the 
importance of the degree of h istocompatib i l i ty . Rynasiewicz et 
al (1980) found that a dose of 20mg/kg given on a continuous 
d a i ly  basis al lowed su rv iva l  of i s l e t s  transplanted across a 
minor b a r r i e r ,  but not a major b a r r i e r ,  fo r  as long as the 
Cyclosporin A was continued. However, many of the rats given
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t h i s  dose o f  Cyclosporin A d ied and at autopsy areas o f  
con so l id a t io n  and abscess formation were found in the i r  lungs 
suggest ing e i th e r  increased s u s c e p t ib i1i t y  to  in fe c t io n  or 
m ic ro asp i ra t ion  of the o l ive  o i l  used as a veh ic le  fo r  oral 
Cyclosporin A administration.
In te res t ing ly ,  at variance with the re su l ts  fo r  iso la ted  
i s l e t s ,  prolonged surv iva l  of vascularised segmental pancreas 
grafts  was possible across the same major h is tocom p a t ib i1i t y  
ba r r ie r  using a similar or s l ig h t ly  lower dose of  Cyclosporin A 
(Rynasiewicz et al 1980). S i m i l a r l y  the  p r o lo n g a t i o n  of  
su rv iva l  of vascularised pancreas g ra f ts  in the DA to Lewis 
combination was seen to be s ign i f ican t ly  be t te r  than tha t  seen 
in isolated i s le t  transplants (Morris et al 1980).
The s i t e  o f  t r a n s p l a n t a t i o n  has also been shown to 
inf luence the effectiveness of Cyclosporin A treatment.  Again 
using the DA to  Lewis combination, the Oxford group showed 
moderately prolonged survival of is le ts  i f  the renal subcapsular 
rather than intraporta l s i te  was used and no reject ion was seen 
when the dose of Cyclosporin A was increased to 40mg/kg/day 
(Reece-Smith et al 1981b). Unfortunate ly at th is  dose level 
early deaths were frequent and thought to be due to infect ion.
Since the report by Garvey et al (1980b) i t  has generally 
been accepted that only marginal prolongation of foetal pancreas 
a l l o g r a f t s  by Cyclosporin A is poss ib le .  In t h i s  study, in 
which Cyclosporin was administered ora l ly  in doses of 10, 20 or 
40mg/kg/day for 14 days, foetal pancreas reject ion was diagnosed 
on the basis of hyperglycaemia. However, i t  has been reported
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elsewhere that even in recipients of foetal pancreas isografts , 
r e s to ra t io n  of normoglycaemia could take as long as four weeks 
(Morris et a l , 1980), and diagnosis of re je c t io n  was fu r th e r  
complicated by the admin is t ra t ion of insu l in  fo r  8 days a f te r  
foetal pancreas transplantat ion. In te re s t in g ly ,  h i s t o lo g ic a l  
examination of supposedly fa i led  foetal pancreas a l logra f ts  at 
14 days f r e q u e n t l y  demonstrated w e l l - d e v e lo p e d  i n s u l i n -  
con ta in ing  i s l e t s  despi te a s l igh t  to moderate mixed ce l lu la r  
i n f i l t r a t e .
A l though, the evidence from these e a r l i e r  s tudies of 
Cyclosporin A in rat i s le t  transplantat ion suggested that is le ts  
were more d i f f i c u l t  to  prolong than vascu lar ised pancreas a 
recent report has questioned th is .  Dibelius et al (1986), using 
the DA to Lewis combination, found that on a dosage regimen of 
30mg/kg given on days 0, 1 and 2 only, mean survival time of 
i s le ts  was 90 days compared with only 37 days fo r  vascularised 
p a n c re a s .  P o s s ib le  e x p l a n a t i o n s  f o r  t h i s  seeming ly  
contradictory study are f i r s t l y  tha t  i s o la t i o n  of i s l e t s  was 
simply by meticulous hand-picking of neutral red stained is le ts  
and th is  was said to result  in lower levels of contamination by 
lymphoid t issue. Also by not using F ic o l l ,  the po ss ib i l i t y  of 
the immunogenicity of i s l e t s  being increased by exposure of 
antigens in some way by th is  agent, was avoided. L a s t ly ,  
al though the amount of  Cyclosporin A administered was very 
small , by giving i t  by intramuscular in jec t ion ,  a depot effect 
was achieved with Cyclosporin A blood levels of 90ng/ml recorded 
70 days a f te r  transplantat ion (Dibelius et al 1986).
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The importance of puri ty  of preparation has s im i la r ly  been 
reported by Terasaka et al (1986) who showed that hand-picked WF 
i s l e t s  in Cyclosporin A-t reated Lewis recipients survived for 
much longer than is le ts  isolated by Ficol 1 gradient separation.
Cyclosporin A has also been shown to have some effect in 
pro long ing the survival of is le ts  in hamster to rat xenografts 
and between outbred mice although high doses of the drug and the 
use of immunoprivi  1 eged sites have been necessary (Nakajima et 
al , 1985, Selawry, W hi t t ing ton and Fajaco 1986, Simeonovic, 
Prowse and L a f fe r t y  1986). Survival has also been shown in 
outbred dog a l log ra f ts  when Cyclosporin A has been maintained 
fo r  long periods with the dose adjusted to give f a i r l y  high 
trough le v e ls  (A le jandro et al 1985, Kneteman, Alderson and 
Scharp 1987). When Cyclosporin A was eventual ly stopped a f ter  
several months most of the successful g ra f ts  were reta ined 
(Alejandro et al 1987).
Before Cyclosporin A immunosuppression is  appl ied to 
c l in i c a l  i s l e t  t ransp lan ta t ion  i t  would be des i rab le  to f ind  
ways o f  l o w e r in g  the  dose or l i m i t i n g  the  d u r a t io n  o f  
administrat ion of th is  agent. Alejandro et al (1987) were able 
to obtain long-term survival of dog is le ts  with much lower doses 
of Cyclosporin A when i s l e t s  were pretreated with a n t i - l a  
monoclonal  a n t ib o d y  and improved s u r v iv a l  o f  ra t  i s l e t s  
transplanted to a strong-responder stra in was seen when an t i - la  
antibody treatment or culture at low temperature was added to a 
3 day course of Cyclosporin A (Terasaka et al 1986).
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I t  would therefore appear that Cyclosporin A may possibly 
become a useful agent in c l in ica l  i s le t  and perhaps even foetal 
pancreas t r a n s p la n t a t i o n  p a r t i c u l a r l y  when coupled w i th  
strategies o f  immunomodulation of donor t issue. However, toxic  
ef fects  of Cyclosporin A may prove to be the eventual stumbling 
block.
Cyclosporin A to x ic i t y
Problems re la ted to  Cyclospor in A n e p h ro to x ic i t y  and 
hepatotoxic i ty have been recognised fo r  several years (Caine et 
al 1981, K l in tmalm, Iwatsuki and Starzl 1981, Myers, Ross and 
Newton 1984). A more recent ly  observed in te r fe re nce  wi th 
g lu c o s e  m e ta b o l i s m  has p a r t i c u l a r  r e le v a n c e  to  the 
t ransplantat ion of isolated is le ts  and foetal pancreas.
A high dose of Cyclosporin A (50mg/kg/day) given to rats 
by d a i ly  gavage fo r  as l i t t l e  as seven days has been shown to 
induce fas t ing  hyperglycaemia and hypoinsulinaemia with evidence 
of severe d e g ra n u la t io n  of n a t iv e  pancreat ic  beta c e l l s  
(Helmchen et al 1984). A lesser degree of glucose intolerance 
has been seen using doses as low as 10 or 15mg/kg/day and th is
was associated with a s ign i f ican t  decrease in i n s u l i n  content
and beta ce l l  volume w i th in  the native pancreas (Yale et al 
1985, Hahn et al 1986b). These acute toxic ef fects appear to be 
r e v e r s i b l e  as glucose metabol ism recovered soon a f t e r  
Cyclosporin A was discontinued with return to  normal responses 
within a few weeks (Hahn et al 1986a, Eun et al 1987b).
Fur the r  evidence of a t o x i c  e f f e c t  o f  Cyclosporin A on
pancreatic beta cel l  function has come from in v i t ro  studies
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using therapeutical ly-re levant concentrations of the drug in the 
c u l tu re  medium surrounding isolated is le ts  (Nielsen, Mandrup- 
Poulsen and Nerup 1986, Robertson 1986) although cultured human 
foetal pancreas was not affected (Tuch et al 1987b).
Transplanted iso la ted  i s l e t  and vascu lar ised pancreas 
g r a f t s ,  both in e x p e r im e n t a l  mode ls  and c l i n i c a l  
t r a n s p l a n t a t i o n , have a lso  been shown to  be at  r is k  of 
Cyclosporin A to x ic i t y  (Basadonna, Kakizaki and Merrel 1986, van 
Schi lfgaarde et al 1986, Otsu et al 1987, Gunnarsson et al 1984) 
and the ef fects appear to be correlated with mean trough levels 
of the drug (van Schilfgaarde et al 1987).
I n t e r e s t i n g l y ,  iso la ted  is le ts  ( in autografts) were more 
sensit ive to Cyclosporin A, i f  exposed to the drug in the f i r s t  
few days a f t e r  transplantat ion (Basadonna et al 1986) and th is  
may be re la ted  to the reported detr imenta l  in f luence tha t  
Cyclosporin A has on the vascular ingrowth of transplanted 
pancreatic i s le ts  (Rooth et al 1989). This vascular effect may 
also be relevant to the study by Reece-Smith et al (1981c) which 
described is le ts  f i r s t  transplanted beneath the renal capsule of 
a syngeneic host p r io r  to subsequent transplant of the kidney
bearing the g r a f t  to  a C y c lo s p o r in  A - t r e a t e d  a l l o g e n e i c
r e c i p e n t .  This s t r a te g y  a l l  owed p ro lo n g  ed s u rv iv a l  o f
a l logen e ic  i s l e t s  which was not seen in  the  same s t r a i n  
combination when is le t s  were al lografted d i re c t l y .  S im i lar ly ,  
the improved resu l ts  o f  t ra nsp la n t in g  vascu lar ised pancreas 
compared w i th  i s o la t e d  i s l e t s  in C y c lo s p o r in  A - t rea ted  
r e c i p i e n t s  cou ld a lso  be e x p la ine d  by t h i s  e f f e c t  on
vascularisat ion (see above).
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The fac t  that Cyclosporin A can have adverse e f fe c ts  on 
glucose metabolism should be borne in mind when assessment of 
t h e  r e s u l t s  o f  pa nc re as  i s l e t  and f o e t a l  panc reas  
t r a n s p l a n t a t i o n  is based on b iochem ica l  evidence alone. 
Although Cyclosporin A is reportedly non- tox ic  to  foe ta l  beta 
c e l l s  (Tuch et al 1987b) (perhaps because the immature beta 
ce l ls  are unable to take up the drug), the in  v ivo e f fe c ts  on 
fun c t ion  and p r o l i f e r a t i v e  capacity are unknown. The addition 
of h is to log ica l  assessment in the monitor ing o f  experimental 
i s l e t  and f o e t a l  t r a n s p la n t s  w i l l  help to d i f f e r e n t i a t e  
immunolog ica l  r e j e c t i o n  from p o s s ib le  t o x i c  e f f e c t s  o f  
immunosuppressive therapy.
MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) ANTIGENS IN 
RAT PANCREAS AND ITS RELEVANCE TO TRANSPLANTATION
Major h i s to c o m p a t i b i l i t y  complex (MHC) antigens play an 
important ro le  in the regu la t ion  of the immune response. 
Antigens such as v i ra l  or tumour proteins are recognised only in 
association with host MHC molecules by a process known as MHC 
re s t r i c t io n .  In contrast, T lymphocytes can react d i rec t ly  with 
a l logene ic  class I or class I I  MHC antigens in t ransplanted 
t i s s u e  w i thou t  the need fo r  presentat ion in association with 
host MHC antigens, explaining why MHC in c o m p a t ib i l i t i e s  form a 
majo r  b a r r i e r  to  successful t ra n s p la n ta t io n  of  organs and 
t issues.
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Class I MHC molecules serve as ta rge ts  fo r  c y to to x ic  T 
c e l l  responses and have a widespread t issue d is t r ibu t ion  with 
only a few ce l l  types appearing to have no, or very low levels 
o f ,  expression (Daar et al 1984). Class I I  antigens are much 
more res t r ic ted  and are expressed pr imari ly  by cel ls involved in 
immune react ions with very high levels detectable on dendr i t ic  
c e l l s  and more v a r ia b le  amounts p resen t  on c e l l s  o f  the 
monocyte/macrophage l ineage. Induction of antigen-specif ic T 
he lper c e l l  a c t i v i t y  requires the recogn i t ion  of  antigen in 
assoc ia t ion  wi th class I I  surface molecules (Weinberger et al
1980).
Levels of class I and class I I  MHC antigen on various cel l  
types are known to vary from species to species (eg human but 
not rat vascular endothelium c e l l s  normally express class I I  
molecu les [Fabre et al 1987]) and also w i th in  a species 
according to age, with lower levels present during neonatal and 
foe ta l  l i f e  perhaps being important fo r  the development of 
tolerance to  se l f  antigens (Unanue et al 1984).
The major class I I  posit ive component of g ra f ts  such as 
foetal pancreas and is le ts  is the dendr it ic  cel l  and much of the 
work on immunomodulation of these t issues has concentrated on 
removing t h i s  immunogenic antigen presenting c e l l  p r io r  to 
t r a n s p l a n t a t i o n .  However, n e i t h e r  c lass I or c lass I I  
expression is  s t a t i c  and leve ls  of expression are subject to 
both p o s i t i v e  and nega t ive  r e g u la t i o n  by a v a r i e t y  of  
in f luence s .  Induction of class I I  antigens on non-bone marrow 
derived cel l  types is now wel1-recognised but the func t iona l
78
consequences of th is  phenomenon in terms of antigen presentation 
is as yet unknown.
The presence or absence of  class I and class I I  MHC 
antigens and the amount and location of these molecules on the 
var ious components of t ransplanted organs is l i k e l y  to be 
im p o r ta n t  in de te rm in ing  the fa te  of the g r a f t  and in  
inf luencing the effector mechanisms of the host immune response.
MHC Disparities and Rejection
The functional importance of MHC gene loc i in the control 
of immune responses has been emphasised in previous reviews 
(Bach, Bach and Sondel 1976, Hal loran, Wadgymar and Autenried 
1 9 86 ) .  C o n t r o l  of s t r o n g  t r a n s p l a n t a t i o n  a n t i g e n s ,  
susce p t ib i l i t y  to disease, immune cel l  al terat ions and levels of 
serum complement components were a l l  said to be influenced by 
MHC l o c i .  I t  was also known at tha t  time th a t  d i f f e r e n t  
subpopulat ions of T-lymphocytes responded to d i f f e r e n t  MHC 
antigens, with cytotoxic T cel ls  (Tc) reacting to what would now 
be re fe r red  to  as class I molecules and T helper ce l l s  (T^) 
being stimulated by class I I  antigens (Bach et al 1976).
In v i t r o  studies have shown that antigen receptors on T^ 
cel ls  may be triggered e i ther by autologous (se l f )  MHC class I I  
determinants modified by foreign antigen ( inc lu d ing  a l logeneic  
class I MHC antigens) or by foreign class I I  determinants alone 
or in combination with nominal antigen (Sredni and Schwartz
1981). A c t iv a t io n  of a l l o - s p e c i f i c  Th c e l l s  is  genera l ly  
recognised as being an important stage in the induction phase of
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the r e je c t io n  response and the a b i l i t y  of al logeneic MHC class 
I I  p o s i t i v e  c e l ls  in the t ra n s p la n te d  t i s s u e  to d i r e c t l y  
s t im u la te  these c e l l s  emphasises the p a r t i c u l a r l y  important 
contr ibution they make to the immunogenicity of the g ra f t .  Even 
i f  the MHC class I I  antigens expressed on the cel ls  of a graft 
are compatible with rec ip ien t  class I I  these c e l l s  can s t i l l  
fun c t ion  as antigen presenting c e l l s  (APC) fo r  donor class I 
d i f fe rences  as shown by re je c t io n  of mouse i s l e t s  (class I 
incompat ib le )  which contained passenger cel ls  which were class 
I I  posi t ive even although t h i s  was compatible wi th  re c ip ien t  
class I I  ant igen (Morrow et al 1983). In f a c t  i t  has been 
demonstrated tha t  class I I  d i s p a r i t y  alone r a r e l y  led to 
re je c t io n  o f  i s l e t s  as class I d i f fe rences  appeared to  be 
necesssary to  act as ta rge ts  fo r  re je c t ion  on the class I I  
negative beta cel ls (Morrow et al 1983).
As d iscussed p r e v io u s ly ,  removing class I I  p o s i t i v e  
a n t ig e n  p r e s e n t in g  c e l l s  f rom  do nor  t i s s u e  p r i o r  to  
t r a n s p l a n t a t i o n  has an important e f fe c t  on reducing g r a f t  
immunogenicity. However, g ra f t  acceptance has not always been 
obtained fo l lo w in g  th is  manoeuvre. Using congenic mice where 
donor and recip ient  strains were disparate fo r  class I but not 
for  class I I ,  Gores et al (1986) found that depleting is le ts  of 
class I I  posi t ive cel ls p r io r  to t ra nsp la n ta t io n  to  the renal 
subcapsular s i te  did not prolong i s le t  a l log ra f t  surv iva l .  This 
f inding was s im i lar  to that of previous studies which had shown 
that culture of thyroid and parathyroid grafts only resulted in 
prolonged su rv iva l  i f  donor and r e c i p i e n t  r a t s  were MHC-
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incompat ib le  ( B a r t l e t t  et al 1983, N a j i ,  S i lv e rs  and Barker
1981), and tha t  cu l tu re  at 24°C and ant i - lymphocyte serum 
prolonged the survival of only MHC incompatible Lewis is le ts  and 
not MHC compatible Wistar Furth is le ts  in BB recipients (Woehrle 
et al 1986).
The f a i l u r e  of cu l tu re  to prolong certain MHC compatible 
endocrine grafts  has been suggested to be due to the a b i l i t y  of 
host ce l ls  to  process and present minor donor-strain antigens in 
an immunogenic form (Si lvers et al 1984). However, in a series 
of  experiments on foe ta l  mouse pancreas, c u l tu re  under high 
oxygen tens ion led to prolonged a l l o g r a f t  su rv iva l  in some 
s t r a in  combinations examined inc lud ing  fou r  which were MHC 
compatible and had only minor antigen d i f fe rences  (Georgiou & 
Mandel 1986). Simi larly  La Rosa and Talmage (1985) have shown 
tha t  when minor antigen d i f fe re n c e s  on ly were present in 
cu l tu red  mouse th y ro id  a l l o g r a f t s ,  re je c t io n  did not always 
occur. I t  has been suggested that some minor antigens are more 
potent inducers of an immune response than others and that  
whether r e je c t io n  occurs or not w i l l  depend on the precise 
s t r a in  combinations used (Zhu et al 1985, La Rosa and Talmage
1985).
Taken together  the above s tud ies  show t h a t  a l though 
removing class I I  posi t ive passenger cel ls may allow prolonged 
survival in certain s i t u a t i o n s ,  antigen p resenta t ion  by host 
c e l l s  can at times be s u f f i c i e n t l y  e f f e c t i v e  to resu l t  in 
r e je c t i o n .  The e f fe c t  of removing donor s t r a i n  c lass  I I  
posit ive ce l ls  from grafts is l i k e ly  to be very dependent on the
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s t r a in  combination used and th i s  r e f l e c t s  both the varying 
potency of minor antigens and the par t icu la r  strength of immune 
response characte ris t ic  of the recipient s t ra in  used. Regarding 
the t  r a n s p la n t i  on of human i s le t s  or foe ta l  pancreas the 
e f fe c t ive n e ss  or otherwise of s t ra teg ies  designed to remove 
donor class I I  positive cel ls  w i l l  depend on the, as yet unknown 
relevance of th is  ind irect method of antigen presentation to the 
c l in ic a l  s i tua t ion .
Antigen presentation by MHC Class I I  positive cells
I t  is now f i rm ly  establ ished that MHC class I I  posi t ive 
ce l ls  with dendr it ic  morphology are of cen tra l  importance in 
an t igen  p r e s e n ta t io n  and t h e i r  presence in a l l o g r a f t s  as 
passenger leukocytes represents a p o te n t  s t im u lu s  to  the 
r e c ip ie n t ' s  immune mechanisms. The minimal requirement for  a 
cel l  to have antigen-presenting properties is the expression of 
class I I  ant igen on i t s  surface membrane, but whether th is  in 
i t s e l f  is su f f ic ien t  to enable any ce l l  to  present antigen is 
not so c lear (Pober et al 1986).
Re ject ion  of skin g ra f ts  fol lowing replacement of donor- 
s t ra in  passenger dendr it ic ce l ls  by those of re c ip ie n t  s t ra in  
in rad ia t ion /bone  marrow chimeras, suggested tha t  d e n d r i t i c  
ce l ls  were not the only cel l  types capable of presenting antigen 
and inducing r e je c t io n ,  (Schroeder et al 1975, Stuart, Beck- 
Maier and Melvold 1984). However, in t h i s  s i t u a t io n  antigen 
p resenta t ion  by re c ip ie n t  c e l l s  using the al te rnative pathway 
may play a part (Woodward, Shigekawa & Frel inger 1982).
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More convincing evidence for antigen-presentation by non­
bone marrow derived ce l ls  has come from in v i t r o  s tud ies .  
Endothelial ce l ls  in par t icu la r  have come under scrut iny in th is  
regard and early reports suggested a possible antigen presenting 
a b i l i t y  (Hirschberg et al 1975, Hirschberg, Bergh and Thorsby 
1980, Burger et al 1981), although contamination by antigen 
present ing c e l l s  of bone marrow o r i g i n  may not have been 
r igo ro u s ly  ru led out (Pober et al 1986). A wide va r ie ty  of 
o ther non-bone marrow derived c e l l s  have been shown to  be 
capable of  present ing simple antigens in v i t ro  under certain 
circumstances. Liver sinusoidal ce l ls ,  isolated astrocytes and 
ep i the l ia l  ce l ls  of in tes t ina l  or igin (when f u l l y  d i f fe rent ia ted 
and express ing class I I  ant igens) have a l l  been shown to  be 
capable of presenting antigen (Rubinstein, Roska & Lipsky 1987, 
Fontana,  F ie r z  & Wekerl 1984, B land  & Warren 1 9 8 6 ) .  
In c o m p le te ly  d i f f e r e n t i a t e d  c e l l s  from i n te s t i n a l  c ryp t  
ep i the l ium  although unable to  present antigen under normal 
circumstances, w i l l  do so i f  they are induced to express class 
I I  antigens by interferon gamma (Bland & Warren 1986) as w i l l  
f i b r o b la s t s  t rea ted in a s im i la r  way (Umetsu et al 1986). 
Thyroid e p i t h e l i a l  c e l l s  from pat ien ts  wi th  Graves disease 
ab e r ran t ly  express class I I  antigen and could consequently 
present cer tain peptide antigens but only i f  fur ther catabolism 
or processing of antigen was not required (Londei et al 1984). 
The importance of Class I I  expression as a p re re q u is i te  fo r  
antigen presentat ion was fu r th e r  e legan t ly  demonstrated by 
experiments in which murine L-cel ls developed antigen presenting
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a b i l i t i e s  fol lowing transfer of class I I  genes. (Malissen et al
1984). However, the a b i l i t y  of these various ce l ls  to  present 
simple antigens involved mainly memory responses and is not 
necessarily relevant to the induction of a primary a l logeneic 
response fol lowing transplantat ion.
Both dermal f ib ro b la s ts  and endothel ial  ce l ls  have been 
shown to  have the a b i l i t y  to  provoke a primary a l logeneic  
response from naive T ce l ls  in v i t ro  although the response to 
f ib rob las ts  was much less marked than to endothel ial  cel ls  even 
i f  leve ls  of class I I  ant igen were increased by exposure to 
interferon gamma (Pober et al 1983). The response to  smooth 
muscle c e l l s  was also less than the response to endothe l ia l  
ce l ls  suggesting that some ad d i t io n a l  fea ture  of  endothe l ia l  
c e l l s  other than class I I  MHC expression accounted for  the i r  
enhanced immunogenicity (Pober et al 1986). In addition to the 
induc t ion  of a prol i f e r a t i  ve response, endothel ial  cel ls have 
been shown to be capable of generating a cel 1-mediated cytotoxic 
response from antigen-present ing  cel 1-depleted lymphocytes 
cocultured with them. Also rat endothelial cel ls stimulated to 
express class I I  MHC antigen by exposure to interferon gamma in 
culture, are effect ive in recipient se n s i t isa t ion  re s u l t in g  in 
more rapid re je c t ion  of heart a l l o g r a f t s  (Hayry et al 1986). 
These f in d in g s  would suggest tha t  o f  the other c e l l  types 
present in grafted t issue, endothelial ce l ls  in par t icu la r  may 
represent an additional source of immunogenicity. I t  is also 
l i k e l y  tha t  th is  immunogenicity w i l l  depend on expression of 
class I I  antigen by the endothelial cel ls and w i l l  therefore be
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dependent on the animal model used and whether induc t ion  of 
class I I  expression has occurred. Although other ce l l  types 
co n s t i tu t ive ly  or potentia l ly  expressing class I I  antigen would 
seem l i k e l y  to have a lesser a b i l i t y  to  present antigen, a 
poss ib le  c o n t r ib u t io n  to overa l l  immunogenicity can not be 
completely ruled out based on the avai lable evidence at present.
Factors influencing MHC expression
Levels of both class I and class I I  MHC antigen expression 
vary from ce l l  type to cell  type and from species to species and 
are sub jec t  to  r e g u la t io n  by many d i f f e r e n t  i n f l u e n c e s .  
Interferon gamma is the most potent inducer of both class I and 
class I I  antigens and interferons alpha and beta, enhance the 
expression of class I antigens but do not appear to be involved 
in the regulation of class I I  expression (Reviewed by Halloran, 
Wadgymar and Autenried 1986, Koene, de Waal and Bogman 1986). 
The ef fect  of these and other mediators on MHC expression during 
immune responses w i l l  help in the MHC-restricted recognition of 
foreign antigens and w i l l  allow ampli f icat ion of the response by 
means of a posi t ive feedback loop (Janeway et al 1984). There 
is some evidence that even ' res t ing '  levels of class I and class 
I I  MHC antigens depend on the presence of c i rcu la t ing  soluble 
mediators in 'physiological amounts' and that culture in serum- 
free medium w i l l  lead to an eventual reduction in antigen 
expression (Bel ler & Ho 1982, Ball et al 1984). In ad d i t io n ,  
la rg e r  doses of Cyclosporin A have been shown to decrease MHC 
antigen expression on endothelial cel ls  in the skin and kidneys
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of normal dogs and in the kidneys of normal mice (Groenewegen et 
al 1985, Halloran et al 1986).
In vivo influences on class I I  MHC antigen expression have 
been studied more f requen t ly  than class I changes, probably 
because of the possible im p l ica t ion s  tha t  increased class I I  
expression may have for  immunologically-induced disease. Also 
these changes are e a s ie r  t o  demonstra te  due t o  the very 
r e s t r i c t e d  basal levels of expression of class I I  antigens and 
the marked increase often seen fol lowing s t im u la t io n  (Halloran 
et al 1986). Increased levels of expression are seen fol lowing 
exposure to e i ther  loca l ly  released or c i r c u l a t i n g  lymphokines 
under a wide v a r ie t y  of c i rcum s tan ces .  These in c lu d e  
transplantat ion (discussed below), g r a f t  versus host disease 
(Mason, Dallman & Barclay 1981), in areas of normal epithelium 
adjacent to  tumours especial ly when lymphocyte i n f i l t r a t e s  are 
present (Rognum, Brandtzaeg & Thorud 1983), in regenerating 
l i v e r  mainly in Kupffer cel ls (Jonj ic et al 1987) and in various 
disease states par t icu la r ly  when autoimmune in nature (Bottazzo 
et al 1983).
Although class I I  MHC antigen expression is  increased in 
th is  way under a number of d i f fe ren t  circumstances these have in 
common an elevation of interferon gamma levels e i ther  loca l ly  or 
systemi c a l l y .
Interferon gamma and class I I  expression
I t  is generally accepted that interferon gamma is the most 
important lymphokine capable of inducing class I I  MHC antigen 
expression, although there is recent evidence that other simi lar
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but d is t in c t  lymphokines may have analogous ef fects (Groenewegen 
et al 1986).
When recombinant interferon gamma is given systemically to 
mice or rats there is a general increase in the levels of class
I and c la s s  I I  MHC exp ress ion  th ro u g h o u t  the  body with 
especial ly marked increases in cel ls which express low rest ing 
levels (Skoskiewicz et al 1985, Leszczynski et al 1986, Hayry et 
al 1986). An accompanying increase in the number of class I I  
p o s i t i v e  d e n d r i t i c  c e l l s  in organs such as the l i v e r  and 
pancreas could represent e ither  conversion of p rev ious ly  class
I I  negat ive c e l l s  to  p o s i t i v e  cel ls or an in f lu x  of dendrit ic 
ce l ls  from elsewhere (Skoskiewicz et al 1985, Hayry et al 1986). 
That both o f  these mechanisms play a part is suggested by the 
f in d in g s  of an increase in the number of class I I  po s i t ive  
Langerhans cel ls  in cultures of skin exposed to interferon gamma 
(Berman et al 1985) and also the observed decrease in dendrit ic 
ce l l  numbers in lymph nodes and spleens of animals treated with 
th is  lymphokine (Skoskiewitcz et al 1985).
In v i t r o ,  interferon gamma also induces a marked increase 
in class I I  expression on a number of d i f f e r e n t  ce l l  types 
in c lu d in g  endo the l ia l  c e l l s  and i t  has been shown tha t  the 
immunogenic capacity of such cel ls  is proportional to the extent 
of MHC expression (Ferry et al 1987). The ef fects of interferon 
gamma can be a b o l i s h e d  both in v i t r o  and in vivo by 
cort icosteroids (Snyder & Unanue 1982, Leszczynski et al 1986, 
Hayry et al 1986), prostaglandins of the E ser ies (Snyder, 
Bel 1er & Unanue 1982) and a lpha- fe topro te in  (Lu, Changelian &
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Unanue 1984). Cyclosporin A has also been found to  modify 
levels of antigen expression fol lowing transplantat ion and th is  
is  discussed below.
At a molecular leve l,  interferon gamma would appear to act 
at the level of DNA transcript!on (Coll ins et al 1984, Wong et 
al 1985) and possib ly also on protein synthesis (Bishop et al
1986) and induction of class I I  expression could there fore  be 
prevented by agents which act at these levels or which inh ib i t  
the production and release of interferon gamma.
Transplantation and MHC expression
C on f i rm a t io n  o f  the  dynamic na tu re  o f  MHC an t igen  
e x p r e s s io n  and the i n d u c i b i l i t y  of these an t igens  by 
immunological st imuli  was f i r s t  demonstrated in the t ransp lan t  
sett ing in mouse skin a l logra f ts  (Dallman & Mason 1983, de Waal 
et al 1983). Since these ea r ly  re po r ts ,  changes in antigen 
expression in reject ing grafts in both experimental and c l in ica l  
t r a n s p la n ta t io n  have been described fo r  many other t issues 
in c lud in g  kidney (Hall  et al 1984, Benson, Colvin & Russell 
1985, Bishop et al 1985, Mil ton, Spencer & Fabre 1986, Fuggle et 
al 1986, Armstrong et al 1987) pancreas (Stein iger , Klempnauer, 
Wonigeit 1985), heart (M i l ton  & Fabre 1985, Rose et al 1986, 
Forbes et al 1986) and l i v e r  (Engemann et al 1986, So et al
1987).
Transplantation not only increases the level of expression 
of MHC antigens in the t issues described above but de novo 
expression of both class I and class I I  antigens are seen on
some c e l l  types normally negative for  these antigens. In the 
ra t ,  myocardial cel ls  which express l i t t l e  or no class I antigen 
and no class I I  antigen, are reported to strongly express both 
these antigens within f ive days of a l logra f t ing  (Mil ton & Fabre
1985), and s im i l a r l y  pancreatic acinar cel ls  which have levels 
of both these classes of MHC antigens normally undetectable by 
immunohistological techniques show posit ive labe l l ing  fo r  class 
I and class I I  by day six fol lowing t ransp lan ta t ion  (S te in ige r  
et al 1985). Other class I posit ive cel ls which do not normally 
express class I I  antigen in detectable amounts and are induced 
t o  express t h i s  f o l l o w i n g  t r a n s p l a n t a t i o n  i n c lu d e  duct 
epithel ium in pancreas transplants and Kupffer c e l l s  in l i v e r  
a l l o g r a f t s  (S te in ig e r  et al 1985, Engemann et al 1986). The 
k inetics of th is  induced antigen expression have been shown to 
vary a c c o rd in g  to  the  p a r t i c u l a r  organ studied and these 
d i f fe rences  may be re levant to the v a r ia t io n  in r a p id i t y  of 
r e je c t io n  observed in d i f fe ren t  transplanted organs (Milton et 
al 1986, Nash et al 1977).
The s i tua t ion  in c l i n i c a l  t ra nsp la n ta t io n  is  obviously 
more d i f f i c u l t  to in te rpre t .  In par t icu la r ,  there is debate as 
to whether changes in antigen expression can be correlated with 
r e j e c t i o n  and p o s s ib ly  act as an early  i n d ic a to r  of t h i s  
p rocess .  In c l i n i c a l  rena l  t r a n s p l a n t a t i o n ,  r e p o r t s  
demonstrat ing an increase in HLA-DR (class I I )  expression on 
tu b u la r  c e l l s  several days before d e t e r i o r a t i  on in  renal 
func t ion  suggested that  th is  may be of value in the ear ly  
detection of re ject ion, although levels of th is  class of antigen
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often remained elevated a f t e r  reject ion had been successfully 
control led (Bishop et al 1985). In a more recent study, Fuggle 
et al (1986) described three d i f fe ren t  patterns of induction of 
class I I  antigen on renal tubules and found tha t  f l u c tu a t in g  
le ve ls  o f  expression in individual patients paral leled changes 
in the extent of ce l lu la r  i n f i l t r a t i o n .  However, although an 
association with reject ion was found no absolute correlat ion was 
possible. Similar ly  the increased expression of class I MHC 
a n t ig e n s  on hepatocy tes  in  human l i v e r  t r a n s p la n t s  was 
associated with rejection in patients  taken as a group but no 
d irect correlat ion could be obtained in ind ividual patients (So 
et al 1987). With human cardiac a l l o g r a f t s  a c o r re la t io n  
between class I induction and a f i r s t  episode of rejection was 
demonstrated but in subsequent biopsies class I leve ls  often 
remained elevated with no other evidence of reject ion (Suitters 
et al 1987).
A l though the a s s o c ia t i o n  of  inc reased  MHC an t igen  
expression with reject ion may not be close enough to be of value 
in providing an early ind icator of th is  process, th is  change in 
the leve ls  of detectable surface antigen is l i k e l y  to be of 
relevance in a l log ra f t  r e je c t io n .  Induction of  class I (and 
possibly class I I )  antigens w i l l  increase the level of available 
targets fo r  the effector phase of the immune response, while an 
increase in the level of class I I  expression (bearing in mind 
the possible role of class I I  posit ive bone-marrow derived cel ls 
in antigen presentation) w i l l  have effects on the afferent phase 
as w e l l .  I n d u c t io n  o f  MHC an t igen  cou ld  t h e r e f o r e  be
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a n t i c i p a t e d  to  lead to  an a m p l i f i c a t io n  of the re je c t ion  
response by posi t ive feedback mechanisms.
The influence of Cyclosporin A on MHC antigen expression
Cyclosporin A was o r ig ina l ly  shown to in h ib i t  the release 
of  i n te r fe r o n  gamma by T lymphocytes (Reem, Cook and Vi lcek
1983) and when added to mixed lymphocyte cu l tu res  (MLC) i t  
reduced the a b i l i t y  of supernatants from these cu l tu res to 
induce class I I  antigen expression on cultured endothel ial  cel ls 
(Groenewegen et al 1985). However, i f  the Cyclosporin A was 
added to the supernatant, no i n h i b i t o r y  e f f e c t  was seen, 
suggesting that i t s  action was on the production and release of 
lymphokine ra ther than d i r e c t l y  on the e n d o t h e l i a l  c e l l s  
(Groenewegen et al 1985). This is f u r t h e r  supported by the 
demonstrable i n a b i l i t y  of C yc lospo r in  A to prevent  the 
i n te r f e r o n  gamma-induced expression of class I I  antigen on 
cu l tu red  human monocytes, a lthough an e f f e c t  on an t igen 
p resen ta t ion  was seen (Snyder, Wright & Ting 1987). In ra t  
kidney and heart a l log ra f t  experiments Cyclosporin A was shown 
to e f f e c t i v e l y  i n h ib i t  the induction of class I I  expression on 
the t ransp lan ted  organs despi te the presence of substan t ia l  
c e l lu la r  i n f i l t r a t e s  (Milton et al 1986), and in a s imilar way 
the increased class I I  expression on kidney tubules in g ra f t -  
versus hos t  d isease and on b ro n c h ia l  ep i the l ium  in lung 
a l l o g r a f t s  was prevented by th is  drug (Hal loran et al 1986, 
Romaniuk et al 1987). In the c l in ica l  s i tua t ion an effect on 
class I I  antigen expression is suggested by the description by
91
Fuggle et al (1986) of  a much lower incidence of class I I  
expression on renal tubules in patients treated with Cyclosporin 
A than in patients receiving azathioprine and prednisolone.
The observed re du c t io n  in antigen expression in the 
t ransp lan ted  organ has been suggested to  be a con t r ibu to ry  
f a c t o r  in the e f f e c t i v e n e s s  of C y c l o s p o r i n  A as an 
immunosuppressant (Groenewegen et al 1985, Halloran et al 1986) 
and an assessment of the leve ls  of MHC expression in the 
d i f f e r e n t  o rgans t r a n s p l a n t e d  and t h e  e f f e c t s  o f  
immunosuppression on these levels may help to provide an insight 
in to methods of preventing reject ion.
Pancreatic MHC antigen expression
The pattern of expression of MHC antigen on the various 
component c e l l s  of the pancreas has been described for  rodents 
and man. Normally, Class I MHC antigen is  expressed by duct 
e p i t h e l i a l  c e l l s ,  i s l e t  cel ls  and vascular endothelium but not 
by exocrine cel ls although there is some interspecies variat ion 
in the leve ls  of expression (Hart et al 1983, Parr, Ol iver & 
King 1982, Steiniger et al 1985, Pujol-Borrel1 1986). Class I I  
MHC antigen expression in the resting state is restr ic ted to a 
popula t ion o f  c e l l s  scattered among both the endocrine and 
exocrine components of the pancreas with many having dendr it ic  
morphology. Beta cel ls are generally described as being class 
I I  negative at rest (Faustman et al 1980, Parr et al 1980, 
Baekkeskov et al 1981, Hart and Fabre 1981, Ale jandro et al 
1982, Rabinovitch et al 1982, Hart et al 1983, Gebel et al 1983,
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S te in ig e r  e t  al 1984),  a l though t h i s  has r e c e n t l y  been 
questioned fo l lo w ing  the demonstrat ion of weak expression of 
class I I  antigen on endocrine ce l ls  of iso la te d  i s l e t s .  This 
antigen expression was detected using one speci f ic  h ig h - t i t r e  
antibody and was only seen in rats of the RT1C genotype (Ulrichs 
& Mul1er-Ruchholtz 1985, Ulrichs et al 1987). As th is  antigen 
expression was demonstrated on iso la ted  i s l e t s  i t  is  possible 
th a t  d u r in g  e i t h e r  the d ig e s t io n  stage or during Ficol 1 
separation antigens hitherto hidden were revealed or possib ly  
ce l ls  which label led posi t ive ly  fo r  insul in and class I I  antigen 
were actual ly  class I I  posit ive phagocytic ce l ls  which had taken 
up fragments of dead beta cel ls  as described by Pipeleers et al 
(1987).
Whether or not pancreatic  beta c e l l s  normally express 
class I I  MHC antigens in funct ional ly  s ign i f ican t  amounts is of 
importance when c o n s id e r in g  i s l e t  a l l o g r a f t s  and t h e i r  
immunomodulation, pa r t icu la r ly  when ant i-c lass I I  antibodies are 
used to pre-t reat the gra f t .
Another cell  within the i s le t  expressing class I I  antigen 
c o n s t i tu t i v e ly , at least in certain species, is the endothelial 
c e l l .  Class I I  p o s i t i v e  e n d o t h e l i a l  c e l l s  have been 
demonstrated inside human and pig is le ts  (Alejandro et al 1982, 
Nocera et al 1986, Shienvold, Alejandro and Mintz 1986) but 
endothelium in dog, rat and mouse i s le t s  does not normally 
appear to express class I I  antigen at detectable leve ls  (Gebel 
et al 1983, Shienvold et al 1986, Hart & Fabre 1981, Parr et al 
1980).
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Although exocrine cel ls and beta cel ls  are probably class 
I I  negative at re s t ,  under cer ta in  circumstances these can 
become class I I  posi t ive. In patients with chronic pancreati t is 
expression of class I I  MHC antigen can sometimes be detected on 
exocrine and ductal c e l l s  ( Pu jo l -Borre l  1 1986). In animal 
models of auto-immune diabetes such as the BB rat and the NOD 
mouse spontaneous class I I  expression on beta c e l l s  has been 
described (Dean et al 1985, Hanafusa et al 1987). With human 
diabetes m e l l i t u s ,  i f  the pancreases o f  new ly -d iagnosed 
d ia b e t ic s  are examined whi le some beta c e l l s  remain i n t a c t ,  
class I I  expression accompanied by increased amounts of class I 
expression is seen in i s l e t s  s t i l l  containing insu l in .  Alpha 
and delta ce l ls  within these is le ts  are said to remain class I I  
negat ive (Bottazzo et al 1985 , Foul i s ,  Farquharson & Hardman
1987).
In in v i t ro  experiments using isolated i s le t s ,  beta cel ls 
appear to be very resistant to the induction of class I I  antigen 
expression using soluble mediators. Levels of interferon gamma 
which produce an increase in class I I  ant igen expression on 
o ther pancreat ic  c e l l s  and g r e a t l y  enhance th e  l e v e ls  of 
expression of class I antigen on endocinre c e l l s  from human 
pancreas f a i l  to st imulate  class I I  expression on beta ce l ls  
unless lymphotoxin or tumour necrosis factor  is added to the 
medium (Pujol-Borrel et al 1986, 1987). In i n t a c t  mice when 
high doses of in te r fe ro n  gamma are given over several days a 
marked increase in MHC antigen expression is seen throughout the 
pancreas by the s ix th  day. Unl ike human exocrine pancreatic
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c e l l s  those of the mouse remained class I negat ive and only 
foca l  patches of class I I  expression were noted. Beta cel ls  
remained class I I  negative (Skoskiewicz et al 1985). Mouse 
i s l e t s  i s o l a t e d  using co l lagenase d ig e s t i o n  and Fi col 1 
separation and exposed to in v i t r o  i n t e r f e r o n  gamma were 
o r i g i n a l l y  described as being res is tan t  to  the induction of 
class I I  expression (Campbell et al 1985) but when higher 
concentra t ions were employed and a longer observation period 
used to allow for  latency in antigen induction, beta cel l class 
I I  e xp ress io n  was seen a f t e r  f i v e  days exposure to t h i s  
lymphokine (Wright et al 1986). This observation was l a t e r  
extended to include iso la ted  human beta c e l l s  cu l tu red as 
dispersed c e l l s  with in te r fe ro n  gamma (Wright et al 1987). 
Wright et al (1987) stated that although other lymphokines were 
synergist ic  with interferon in antigen induct ion un l ike  P u jo l - 
Borrel l  et al (1987) they found that interferon gamma on i ts  own 
was e f fec t ive .
Induction of class I I  ant igen expression has also been 
described on rat beta cel ls under special circumstances. Is le t  
c e l l s  from a l i n e  o f  BB ra ts  w i th  a h igh inc id e nce  of 
spontaneous diabetes can be st imulated to express class I I  
antigen in v i t ro  using gamma in te r fe ro n  alone, an e f fe c t  not 
seen when the i s l e t s  are obtained from a l i n e  with a low 
incidence of spontaneous diabetes (Walker et al 1986). Also, 
induc t ion  of class I I  antigen expression has been demonstrated 
fol lowing exposure to gamma interferon of a rat beta cell  tumour 
l ine  (van VIiet et al 1987).
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In i n t e r p r e t i n g  these f ind ings  the p o s s i b i l i t y  tha t  
methods used to isolate the i s le t  ce l ls  may in some way a l t e r  
the antigen expression should be borne in mind and t h i s  may 
explain the apparent d i f fe rence  between in v i t r o  and in vivo 
f ind ings. A l te rna t ive ly , some inh ib i to ry  mechanism may exist in 
vivo and the removal of the is le ts  from th is  m i l ieu  may al low 
st imulat ion of antigen expression to proceed. I t  would appear, 
t h e r e f o r e ,  th a t  beta c e l l s  con ta in  a l l  the nece ssa ry  
i n t  ra ce 11 u 1 a r machinery to  generate and express class I I  
molecules on th e i r  surface membrane. Their res is tance to the 
induc t ion  of  expression of t h i s  antigen has probably been 
acquired as a protect ive mechanism and may help to protect these 
c e l l s  from the immunological damage seen in  type I diabetes 
m e l l i tus ,  where the aberrant class I I  expression by these cel ls 
may be important in the pathogenesis of th is  disease.
MHC antigen expression in immature tissues
During foe ta l  matura t ion,  two ad d i t ion a l  immunological 
considerations are extant. F i r s t l y ,  the developing embryo must 
avoid e l i c i t i n g  an a l log ra f t  response from i t s  mother with whom 
i t  shares only h a l f  i t s  genetic complement and second ly ,  
tolerance to self-antigen needs to be acquired. Modification of 
MHC antigen expression may play a part in achieving these 
objectives
Although early reports suggested that class I MHC antigens 
were present at a very early stage of embryo!ogical development 
these s tu d ie s  depended on in d i r e c t  evidence from observed
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re ject ion of skin grafts in class I disparate mice or involved 
the use of polyclonal antibod ies which may have lacked the 
necessary spec i f ic i t y  (Patthey & Edidin 1973, Warner & Spannaus
1984). Using monoclonal antibodies and DNA probes, Ozato et al 
detected class I mRNA from the ninth day and surface class I MHC 
antigens from the tenth day of gestation but no ea r l ie r  in mouse 
embryos (Ozato, Wan & Orrison 1985). During the la te r  stages of 
gestation class I expression remained at much lower levels than 
found in adults and simi lar findings have been demonstrated in 
human foetal tissues (Ozato et al 1985, Sewell et al 1986).
The time of onset of class I I  MHC expression would appear 
to vary depending on which t issues and species are being 
s tud ied .  In the skin of human foetuses at 15 to  19 weeks 
g e s ta t io n ,  class I I  p o s i t i v e  ce l ls  are scarce and in some 
b iops ies completely absent whereas other t issues  inc lud ing 
pancreas contain larger numbers of these c e l l s  although s t i l l  
fewer than adu l t  t i ssues (Hofman, Danilovs & Taylor 1984, 
Danilovs et al 1982). Developing mice inc lud ing neonates have 
very few class I I  posit ive cel ls  anywhere except the thymus (Lu, 
B e l l e r  & Unanue 1980, Unanue et al 1984) and an t igen  
p r e s e n t a t i o n  by noenata l  accessory c e l l s  is  consequently 
in e f f i c ie n t  (Lu, Calamai & Unanue 1979, Nadler, K l ingenste in & 
Hodes 1980). I t  has been suggested tha t  decreased class I I  
expression in foe ta l  and neonatal t issues is re la ted to the 
e x is te n c e  o f  suppressor  mechanisms, perhaps i n v o l v i n g  
prostag landins (Snyder et al 1982), p resent  in v iv o ,  and 
s t im u la t io n  of class I I  expression by lymphokines has been
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demonstrated on normally negative neonatal monocytes from mice 
and humans in v i t r o  (Unanue et al 1984, Stiehm et al 1984).
S imi lar ly  class I MHC expression can be induced on mouse tissues
by in te r fe ro n s  alpha, beta and gamma several days in gestation 
before levels would normally be detectable (Ozato et al 1985).
In the ra t ,  class I I  posit ive cel ls have been detected in 
lymphoid t issue closely associated with the pancreas at 17 days 
gestat ion. At th is  time, the exocrine and endocrine components 
o f  the pancreas are said not to  contain these c e l l s  except 
perhaps in areas close to lymphoid co l lect ions. Even in f u l l y  
developed newborn ra ts  only very low numbers o f  class I I
posi t ive ce l ls  are detected (Fujiya et al 1985) and th is  is in 
con t ras t  to  la rg e r  animals inc lud ing  humans where class I I  
posit ive ce l ls  are seen in close association with is le ts  in 12- 
24 week foetuses wi th  large c lus te rs  of class I I  pos i t ive  
lymphoid ce l ls  also being described (Danilovs et al 1982).
Therefore, although in general class I I  antigen expression 
appears to occur la te r  than class I expression in embryological 
development, c lass  I I  p o s i t i v e  c e l l s  may be present  in
s u f f i c i e n t  numbers to con t r ibu te  to t issue  immunogenicity in 
human pancreases at the time of gestat ion normally  considered 
suitable fo r  foetal pancreas transplantat ion.
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SUMMARY OF THE HISTORICAL REVIEW
I t  is  now rare fo r  a pa t ien t  with diabetes mell i tus to  
succumb to  the acute metabolic derangements induced by a lack of 
insu l in .  However, although in the last s ix ty  years the qual i ty  
of exogenous in s u l in s  ava i la b le  and the s o p h i s t i c a t i o n  of  
administration regimens have improved greatly, diabetic patients 
s t i l l  have a reduced l i f e  expectancy and many are destined to 
develop disabl ing complications.
The evidence l i n k in g  poor-contro l  of blood glucose with 
the development of d ia be t ic  complicat ions is not completely 
conc lus ive ,  but i t  seems l i k e l y  tha t  normal isa t ion of blood 
glucose levels at an early stage in the disease would prevent 
many of  the microangiopathic and neuropathic changes otherwise 
seen. Control of insu l in secretion is normally influenced by a 
m u l t i t u d e  o f  f a c t o r s  and no system o f  exogenous in s u l in  
administrat ion could be hoped to mimic th is  completely. Once a 
person's own pancreatic  beta c e l l s  have been destroyed, the 
transplantat ion of functioning human or animal insulin-producing 
ce l ls ,  in some form, is the only hope of restoring physiological 
glucose co n t ro l .
The t r a n s p l a n t a t i o n  o f  i s o la t e d  i s l e t s  or f o e t a l  
p a n c r e a t i c  t i s s u e  has an advantage over whole organ 
t r a n s p la n ta t io n  as the surg ica l  procedure i t s e l f  would be 
re la t ive ly  minor and could probably be repeated several times i f  
required. Of additional advantage is the a b i l i t y  of is le ts  and 
foetal pancreas to survive in t issue culture therefore providing
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an opportunity for  modifying the immunogenicity of the t issue by 
in v i t r o  treatment thereby allowing transplantat ion with no or 
reduced levels of immunosuppression.
Based on theories suggesting that  the major b a r r ie r  to 
t ra n s p la n t  acceptance is the presence of  class I I  po s i t ive  
antigen presenting cel ls within the g r a f t ,  various methods of 
reducing t h i s  component have been investigated. Strategies of 
immunomodulation based on the removal of class I I  posi t ive cel ls 
are of p a r t i c u l a r  in te res t  in pancreatic i s le t  transplantat ion 
as i t  would appear that i s le t  endocrine cel ls are const i tu t ive ly  
class I I  negat ive and are extremely resistant to the induction 
of expression of th is  class of MHC antigen.
I n i t i a l  exper iments  w i th  rodent  i s l e t  a l l o g r a f t s  
d is a p p o in t in g ly  f a i le d  to demonstrate the lower immunogenicity 
associated with other endocrine g ra f t s .  Indeed, transplanted 
i s l e t s  at f i r s t  appeared to be re jected in an accelerated 
manner, more rapidly even than whole organ pancreas grafts . I t  
has since become apparent tha t  i t  is not the endocrine cel ls  
the m se lves  t h a t  are r e s p o n s i b l e  f o r  t h i s  i n c r e a s e d  
immunogenicity and s t r i c te r  pur i f ica t ion  of i s le t  preparations, 
especial ly the el imination of lymphoid c e l l s ,  helps to reduce 
s u s c e p t i b i l i t y  to re ject ion .  However, pu r i f ica t ion  alone does 
not prevent re jec t ion and various add i t iona l  s t ra te g ie s  have 
been employed. These have included e f fo r ts  to remove class I I  
p o s i t i v e  passenger leukocytes by t issue  cu l tu re  in various 
environments select ively disadvantageous to leukocytes, such as 
high oxygen tensions and low temperatures, or using ant ibod ies
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directed against MHC class I I  antigens. Although some of these 
techniques have shown promise, results have been very var iab le  
and are on many occasions species and s t r a in  dependent with 
recip ient immunosuppression often being required.
Of the immunosuppressive agents used in  rodent i s l e t  and 
fo e ta l  pancreas t ra nsp la n ta t ion  experiments, the response to 
anti-lymphocyte serum has been very variable and i n i t i a l  results 
with Cyclosporin A l e f t  l i t t l e  ground fo r  optimism. However, at 
least fo r  i s le t s ,  more recent results have shown an encouraging 
b e n e f ic ia l  effect when meticulously puri f ied i s l e t  preparations 
are used. Unfor tunate ly  Cyclosporin A, in add i t ion  to  i t s
n e p h ro to x ic i t y  and h e p a to to x ic i t y , has an adverse e f f e c t  on 
pancreatic beta cel l  function and th i s  is  l i k e l y  to  l i m i t  i t s  
usefulness as the sole form of immunosuppression in i s le t  cel l  
t r a n s p l a n t a t i o n .  A combined a p p r o a c h ,  whereby th e  
immunogenicity of the pancreatic tissue is reduced by in v i t ro  
treatments, allowing a reduction in recipient immunosuppression, 
would seem to  o f fe r  most hope fo r  the future.
A l though  removal o f  MHC class I I  p o s i t i v e  passenger 
leukocytes from pancreatic t issue has not, on i t s  own, always 
resulted in graf t  acceptance, i t  is clear that MHC class I and 
class I I  an t igen  express ion on d i f f e r e n t  c e l l  types is 
in f luenced by transplanta t ion and probably is of importance in 
both the af ferent and e f fe ren t  limbs of the immune response. 
Presenta t ion of  antigen by recip ient ce l ls  using the ind irect  
pathway may prove to be important in human i s l e t  and foe ta l  
pancreas t r a n s p l a n t a t i o n  and the p o s s i b i l i t y  of ant igen-
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presentation by non-bone marrow derived c e l l s  o f  donor o r ig in  
should also be considered.
Regarding foetal t issues, MHC class I and class I I  antigen 
expression has been shown to be d i f fe rent  from that of the adult 
animal, and a knowledge of th is  difference in expression may be 
useful in p red ic t in g  the l i k e l ih o o d  of re je c t ion  occurr ing 
fol lowing transplantat ion. Experiments using various tissues in 
a number of d i f fe ren t  species have shown that both MHC class I 
and c lass I I  antigen expression are regulated by a variety of 
d i f fe ren t  inf luences. Increased levels  of antigen expression 
fo l lo w in g  t ransp lan ta t ion  w i l l  increase the level of available 
targets fo r  the ef fector phase of the immune response while at 
the same t ime w i l l  have p o te n t i a l l y  important effects on the 
af ferent phase leading to an ampli f icat ion of response.
By examining both MHC c lass  I and c la s s  I I  an t igen 
expression in adul t  pancreas, iso lated i s l e t s  and in foe ta l  
pancreas under a variety of circumstances including a l lograf t ing 
and Cyclosporin A administration, i t  may be possible to obtain 
an increased understanding of the mechanisms of reject ion and of 
p o te n t ia l  areas fo r  in v e s t ig a t in g  methods of lowering g ra f t  
immunogenicity and inf luencing the rejection response.
Although antigen expression in any t issue is subject to a 
degree of in te rspec ies  v a r ia t i o n ,  i f  these l im i t a t i o n s  are 
accepted the f ind ings  of animal exper iments may s t i l l  be 
relevant to  the c l in ica l  s i tuation.
The ra t ,  with i t s  wel l characterised antigen expression 
and well established techniques of foe ta l  pancreas and i s l e t
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t r a n s p la n ta t i o n ,  is a par t icu la r ly  convenient animal model for 
these experiments. In addit ion, the a v a i la b i l i t y  of monoclonal 
an t ibod ies  s p e c i f i c  fo r  polymorphic determinants d i f fe r ing  in 
r e a d i l y  a v a i l a b l e  s t r a i n s  of l a b o r a t o r y  r a t ,  a l l o w s  
d i f f e r e n t i a t i o n  o f  donor and r e c i p i e n t  s t r a i n  an t igen  
expressi on.
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MATERIALS AND METHODS
2.1 EXPERIMENTAL ANIMALS
DA(RT-la) , PVG(RT-1C),  Lewis (RT-11 ) and (DAxPVG) FI 
hybrid rats were obtained from the inbred colonies housed in the 
animal f a c i l i t y  at the Department of Surgery, Western Inf irmary, 
Glasgow. PVG-rnu/rnu (RT-1C) were obtained from Harlan Olac 
L im i ted .  The rnu gene was backcrossed from an outbred 
popula t ion onto the inbred PVG l ine  in 1977. This l in e  has 
since undergone 12 backcrosses and 12 in te rc rosses a l toge ther  
and is now f i r m ly  establ ished (AG Peters, Harlan Olac Ltd , 
personal communication).
Foetal rats of 17 days gestation were obtained from time- 
mated pairs with the morning fol lowing an overnight mating being 
def ined as day 0. Successful mating was confirmed by the 
id e n t i f i c a t io n  of spermatozoa in vaginal smears.
Animals were on standard rat diet with water ad l ibi tum.
2.2 SURGICAL PROCEDURES
2.2.1 Anaesthesia
Rats were anaesthetised using several d i f fe ren t  techniques 
depending on the dura t ion of anaesthesia required.  A short 
period o f  anaesthesia, s u f f i c i e n t  to  al low blood sampling or 
intravenous in jec t ion  was induced by administering 5% halothane 
in oxygen or ether u n t i l  consciousness was l o s t .  For more 
prolonged periods of anaesthesia th is  method of induct ion was 
fo l lowed by maintenance with an in t raper i tonea l  in ject ion of 
0 . 7 - 1 . 2mls of 7.5% ch lora l  hydrate in sa l in e .  The dose of 
chloral hydrate varied depending on the body weight of the rat 
and the par t icu la r  s tra in.
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2.2.2 Foetal pancreas transplantation
Pregnant ra ts  (17 days) and r e c i p i e n t  r a t s  were 
anaesthetised and the i r  anter ior abdominal wal ls shaved and then 
cleaned w i th  ch iorhexid ine in 70% a lcoho l .  Using a midl ine 
inc is ion ,  foetuses were removed from the uterus and placed in a 
pe tr i -d ish  containing ice-cold sal ine. Almost the entire foetal 
pancreas was then qu ick ly  removed and kept in cold Hank's 
balanced sa l t  solution un t i l  transplanted. The l e f t  kidney of 
the r e c ip ie n t  animal was exposed through a midline abdominal 
inc is ion with bowel retracted to the r igh t .  The anterior aspect 
of the renal capsule was picked up using jewel le r 's  forceps and 
a longi tudinal  incision made in i t  taking care not to damage the 
under ly ing  renal cor tex .  The renal capsule medial to th is  
inc is ion was gently separated from the kidney surface using a 
b lun t  probe to  create a pocket. Foetal pancreas glands were 
then placed under the capsule which was allowed to sett le  back 
in place without suturing. The midline wound was then closed in 
two layers using 3/0 chromic catgut sutures (Ethicon Ltd).
2.2.3 Nephrectomy
Animals showing evidence of reversal of diabetes fol lowing 
foe ta l  pancreas transplanta t ion had the i r  l e f t  kidney (bearing 
the pancreas g ra f t s )  removed four weeks a f t e r  the return of 
normoglycaemia. The previous midline inc ision was re-opened and 
the l e f t  kidney was mobilised. The vascular pedicle and ureter 
were then t ied  using a single 3/0 s i lk  suture (Ethicon Ltd) and 
the kidney and attached pancreas graft excised.
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2.2.4 Retransplantation
Kidneys bearing viable pancreas grafts were retransplanted 
fol lowing a period of residence in an interim host. The midline 
wound of the rat acting as interim host was re-opened and the 
l e f t  k idney,  renal vessels and ure ter  were mobi l ised.  This 
procedure was repeated in the recipient ra t ,  and a f t e r  p lacing 
occ lus ive c l i p s  across the renal a r tery  and vein , the renal 
vessels and ureter  were divided and the kidney removed. Next 
the interim host rat was heparinised (100 units per rat) and the 
kidney w i th  attached pancreas was excised and im m ed ia te ly  
transferred to  a Petr i-dish containing ice-cold saline.
The kidney and attached pancreas were then transplanted to 
the l e f t  o r th o top ic  s i te  with end to end anastomosis of the 
rena l  a r t e r y  and vein w i th  i n t e r r u p t e d  su tu res  of 10/0 
polypropylene (Eth icon L td ) .  The donor u r e te r  was then 
anastomosed end-to-end to the recipient ureter using a simi lar 
technique of su tu r ing .  Total ischaemic times of the kidney 
during transplantat ion were approximately 25 minutes and during 
th is  time the graf t  was kept cool by frequent local appl ications 
of cold sal ine. Following completion of the anastomoses, cl ips 
were removed and the abdomen closed in two layers as described 
previ ously.
2.2.5 Intravenous injection
In t ra v e n o u s  i n j e c t i o n s  were performed under a short 
general anaesthetic using ether. To avoid extravascular leakage 
the large dorsal vein of the penis was used.
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2.2.6 Intraperitoneal injection
I n s u l i n  and i n t e r f e r o n  gamma we r e  i n j e c t e d  
in t rape r i tonea l ly  while the unanaesthetised ra t  was restra ined 
by an assistant .
2.2.7 Oral administration
Cyclosporin A was administered to anaesthetised rats via a 
f ine p las t ic  tube which was carefu l ly  guided down the oesophagus 
to  th e  stomach. Misplacement of the tube was avoided by 
observing the t i p  of the tube displacing the stomach towards the 
anterior abdominal wal l .
2.2.8 Blood sampling
Blood samples were obtained from anaesthetised rats by 
amputating a th in  s l i c e  from the t i p  of the t a i l .  0.3ml of 
blood was col lected in a 0.4ml p last ic  centri fuge tube (Beckman 
RIIC, Limited). The serum was then separated by centri fugation 
in a microcentri fuge.
2.3 ISLET ISOLATION
The technique of i s le t  isolat ion was based on collagenase 
digestion (Moskalewski 1965) wi th retrograde perfus ion of the 
pancreat ic  ducts (Lacy and Kostianovsky 1967) followed by hand 
picking of neutral-red stained is le ts  (Dibelius et al 1986).
Through a midl ine in c is io n  the abdominal aorta of the 
donor rat was dissected out together with a suitable portion of 
in fe r io r  vena cava. Clips were placed on both renal a r te r ie s
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and the aorta was cannulated using a 3F6 p las t ic  cannula, t ied 
in place with 3/0 s i l k ,  with the cannula t i p  ly ing  below the 
vessels supply ing the pancreas. 50mls of neutral-red solution 
was then injected through the cannula un t i l  the pancreas became 
uniformly pink. Circulated neutral-red solut ion was allowed to 
drain from the venous system through an opening made in the 
i n fe r io r  vena cava.
The common bi le duct (CBD) was then isolated and the lower 
end occluded with a c l ip  applied across the point of entry to 
the duodenum. A 2FG p last ic  cannula was then inserted into the 
CBD ju s t  below the hilum with the t i p  po in t ing  towards the 
duodenum. 10mls of col lagenase in HBSS (2.5mg/ml) were then 
slowly injected to distend the pancreas. The pancreas was then 
excised, placed with 10mls of HBSS in a 100ml beaker on ice and 
chopped with scissors into pieces l-2mm in size. The fragments 
were then transferred to a 30ml test  tube and allowed to sett le . 
The supernatant containing fa t  part icles was discarded and the 
pancreat ic  fragments incubated with lOmls of fresh collagenase 
solut ion (2.5ml/ml) at 37°C in a 25ml conical f lask.
The digesting fragments were then l e f t  undisturbed for 30 
minutes then shaken by hand and a pinch of DNAase added. 
Further s ta t ic  digestion for f i v e  minutes fo l lowed by shaking 
was repeated twice with more DNAase added at 40 minutes. After 
a f u r t h e r  f i v e  minutes of s t a t i c  d iges t ion  the react ion was 
terminated by washing three times with ice cold HBSS.
The re s u l t in g  d iges ta te  consisted of neutral-red stained 
clean i s le t s ,  vascular and lymphoid fragments and s ing le  ce l ls
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along w i th  occasional undigested portions of gland. This was 
then screened using a d is s e c t in g  m i c r o s c op e  and s i de  
i l lum ina t ion against a black background and pur i f ied  is le ts  were 
picked out using a micropipette and transferred to HBSS on ice. 
This picking was repeated twice to improve pur i ty  of the f ina l  
preparation.
2.4 CHEMICALS
2.4.1 Hank's balanced salt solution
S te r i le  Hank's balanced sal t  solution (HBSS) was supplied 
by Flow Laboratories Ltd, Irv ine,  Scotland.
2.4.2 Collagenase
Type V col lagenase (derived from cultures of Clostridium 
h is to ly t i c u m )  was obtained from Sigma Chemicals Ltd, Poole, 
Dorset, supplied as lyophi l ized powder.
2.4.3 DNAase
Deoxyribonuclease 1 was obtained from Sigma Chemicals Ltd.
2.4.4 Streptozotocin
Strep tozo toc in  was supplied by Upjohn Co, Kalamazoo, USA 
and was dissolved in acetate buffer (pH 4.5) at a concentration 
of 20mg/ml.
2.4.5 Neutral Red Solution
Neutral red dye was obtained from BDH Chemicals Ltd,
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Poole, Dorset and was dissolved in saline in a concentration of 
0 .08mg/ml.
2.4.6 Cyclosporin A
Cyclosporin A was gif ted by Sandoz Ltd, Basle, Switzerland 
and made up in ol ive o i l  to a concentration of 7.5mg/ml.
2.4.7 Insulin
Pro tam ine  Zinc I n s u l i n  (lOOU/ml) was obtained from 
Wellcome Medical Division, Crewe, Cheshire and was di luted 1 in 
10 in sal ine immediately pr io r  to  administration.
2.4.8 Interferon gamma
Rat recombinant in te r fe ro n  gamma was obtained as a g i f t  
from PH van der Meide, TNO Primate Center ,  R i j s w i j k ,  The 
Netherlands.
2.5 LABORATORY TECHNIQUES
2.5.1 V iab ility  testing
Fluorescein d iaceta te  (FDA) (Sigma Chemicals Ltd) in a 
stock solut ion of 5mg/ml in acetone and ethidium bromide (EB) 
(BDH Chemicals Ltd) prepared as a stock solution of lOOug/ml in 
HBSS were used fo r  v ia b i l i t y  tes t ing .  3ul of FDA stock solution 
and 1ml o f  EB stock so lu t ion  were added to iso la ted  i s l e t s  
suspended in 1ml of HBSS on a p las t ic  pe t r i  d ish .  The i s le t s  
were then t ra n s fe r red  onto glass slides and examined under UV 
l i g h t ,  wi th a Le i tz  f luorescence microscope using a x 10 
object i  ve.
I l l
2.5.2 Tissue culture
Standard t is sue  cu l tu re  medium contained RPMI 1640, 10% 
foetal ca l f  serum, 2mM L-glutamine and lOOU/ml P e n i c i l l i n  and 
lOOug/ml streptomycin (a l l  from Gibco Ltd). Foetal pancreas was 
placed on a M i l l i p o r e  f i l t e r  supported in the gas l i q u i d  
in te r fa c e  by a p la t form of surgical gelatin (Sterispon, Allen 
and Hanburys L td ,  Greenford ,  M id d le s e x ) .  Falcon 1008 
hydrophobic petri-dishes were used.
2.5.3 U ltraviolet irradiation
U l t r a v i o l e t  (UV) i r r a d ia t i o n  was car r ied  out w i th in  a 
laminar f low cabinet to maintain s t e r i l i t y .  Is le ts  suspended in 
t i s s u e  c u l tu re  medium in an open p e t r i - d is h  were constant ly
p
s t i r red  using a magnetic s t i r r e r .  A to ta l  dose of 900 Joules/m 
o f  UVB was d e l i v e r e d  over 15 minutes us ing c a l i b r a t e d  
Westinghouse FS-20 sunlamps.
2.5.4 Glucose measurements
Blood glucose measurement was by BM-test (Boehringer 
Corporation [London] LTD) using the glucose-oxidase/peroxidase 
reaction and the Reflolux meter. Readings outside the range of 
the meter were obtained using a laboratory k i t  incorporating the 
glucose oxidase/peroxidase reaction (Boehringer Mannhein GmBH 
Diagnostica).
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2-5.5 Insulin measurement
Stored samples were analysed in batches using a Radio­
immunoassay Ki t  (Radiochemicals, Amersham, Buckinghamshire). A 
rat insu l in  standard was used (Novo Laboratories, Denmark).
2.6 HISTOLOGY
2.6.1 Cryostat sections
Tissue samples were embedded in OCT compound (Tissue-Tek, 
BDH L td ) ,  snap frozen in l i q u id  n i t ro g e n  and 6u c r y o s ta t  
s e c t io n s  c u t  at -20°C onto g e l a t i n i s e d  m u l t ispo t  s l ides  
(CA Hendley, Essex).
2.6.2 Immunoperoxidase staining of cryostat sections
Sections were fixed in acetone at room temperature for  10 
minutes, then washed in DAB (Dulbecco A+B s a l t  s o lu t io n ) .  
Excess moisture was dried from around each section then 50ul of 
primary monoclonal antibody, appropriately d i lu ted, were applied 
to  each section. After incubation at room temperature fo r  45 
minutes in a humidified chamber, slides were washed three times 
in DAB then 50ul of the secondary antibody were appl ied. Ten 
per cent normal r a t  serum was added to  t h i s  peroxidase- 
conjugated rabbit  anti-mouse immunoglobulin to absorb out any 
cross-reacting antibody. Af ter  a fur ther 30 minutes incubation 
at room temperature, the sl ides were washed three times in DAB, 
and incubated wi th  the peroxidase substra te ,  cons is t ing  of 
0.6mg/ml 3,3 '  di  ami nobenzi d i ne t  et rahydroch 1 o r i  de (Sigma 
Chemical Co) plus 0.01% hydrogen peroxide. Slides were then
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washed, counterstained l i g h t l y  with Harr is 's  haematoxyl in (BDH 
Ltd) and dehydrated and cleared in alcohols and xylene, then 
mounted in DPX mountant (BDH Ltd).
2.6.3 Immunoperoxidase staining of paraffin sections
P ara f f in  sections were processed in the Department of 
Pathology, Western In f i rm a ry ,  Glasgow. Sections were stained 
with Haematoxylin and Eosin or labe l led  with a polyclonal 
an t i  serum to  i n s u l i n ,  using an immunoperoxidase method similar  
to 2.6.2.
2.6.4 Immunofluorescent labelling of isolated islets
Iso la ted  fresh or cu l tu red i s l e t s  were labe l led  with 
monoclonal a n t i b o d ie s  us ing a s i m i l a r  technique to tha t  
described in 2.6.2. Is le ts  in groups of 50 were withdrawn from 
HBSS or t i s s u e  cu l tu re  medium and washed three times with DAB 
sa l t  solut ion. Incubation in a 10ml test tube with the primary 
antibody ( in a s imi lar  d i lu t ion  to the immunoperoxidase method) 
was continued for  90 minutes at 4°C before fur ther washing with 
DAB. A fluorescein-conjugated rabbit  anti-mouse immunoglobulin 
containing 10% normal rat serum was used as the second antibody 
wi th  incubat ion at 4°C fo r  60 minutes. Fol lowing fu r th e r  
washing with DAB is le t s  were t rans fe r red  to glass s l ides fo r  
examination under UV l i g h t  with a Leitz fluorescence microscope 
using x25 and x40 objectives.
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2.6.5 Antibodies
Monoclonal mouse an t i - ra t  antibodies used to characte rise 
MHC antigen expression were as fo l lows:-
Antibody Specificity Reference
MRC 0X18 
MRC 0X6 
MN4-91-6
F17-23-2
MHC class I
MHC class 11-I/A 
l ike  antigen
Polymorphic 
determinant of 
class I (DA [RTla] 
pos i t ive, PVG [RT1C] 
negative)
Polymorphic 
determinant of 
class I I  (DA 
[RTla] posi t ive,
PVG [RT1C] negative)
Fukumoto, McMaster & 
Williams (1982).
McMaster & Williams 
(1979)
Milton & Fabre (1985)
Hart & Fabre (1981) 
Milton & Fabre (1985)
MRC 0X21, a mouse monoclonal antibody against human C3b 
inac t iva to r  (Hsiung et al 1982) was used as a negative control. 
Secondary polyclonal antisera used to detect the presence of the 
primary an t ibod ies ,  were pe rox id a se -co n ju g a te d  and FITC- 
conjugated ra b b i t  anti-mouse immunoglobulins (Dako Ltd, High 
Wycombe).
Monoclonal mouse a n t i - ra t  antibodies used to  detect ra t  
leukocytes were as fo l lows:-
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Antibody
MRC 0X1
MRC 0X8
W3/25
MRC 0X19 
MRC 0X39
Specificity
Leukocyte common 
antigen
CD8 positive 
cytotoxi c/suppressor 
T ce l ls ,  majori ty 
of natural k i l l e r  
cel l  s
CD4 positive helper 
T lymphocytes, some 
macrophages
Peripheral T 
lymphocytes
IL-2 receptor
Reference
Sunderland et al 
(1979)
Gilman, Rosenberg & 
Feldman, 1982, Dallman 
& Mason 1982, Cantrell 
et al 1982
Brideau et al 1980 
Barclay 1981
Dallman & Mason 1982
Paterson et al 1988
2.6.6 Morphometric analysis of cellular in filtra te
The area of each immunoperoxidase-!abelled t issue section 
i n f i l t r a t e d  by leukocy tes  o f  a p a r t i c u l a r  phenotype was 
determined by morphometric analysis using the point counting 
technique (Aherne & Dunni l  1982, McWhinnie et al 1986). 
Sections were examined at a magni f ica t ion of 400 through a 
microscope eyepiece g ra t i c u le  engraved wi th a g r id  bearing 
e i th e r  121 in te rsec t ions  or 745 intersections. For each f ie ld  
the number of  p o s i t i v e l y  stained c e l l s  superimposed by an 
intersection was counted and the area of the f ie ld  occupied by 
cel ls  of a par t icu la r  phenotype was calculated as:-
no. of posit ive grid intersections
% area of i n f i l t r a t e  = ------------------------------------------------ — xlOO
to ta l  no. of grid intersections
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Most sections were counted wi th the 745 point g ra t icu le  
but i f  there was a heavy i n f i l t r a t e ,  the section was counted 
w i th  the 121 point  g ra t i c u le .  Ten consecutive f ie ld s  were 
counted fo r  each sec t ion ,  so tha t  fo r  a l l  sections the to ta l  
number of points observed was well in excess of that required to 
maintain the accuracy of  the point counting technique (Aherne & 
Dunnill 1982).
A l l  counts were carried out by one observer who was not 
aware of the experimental group from which the section had been 
obtained.
2.7 ELECTRON MICROSCOPY
Electron microscopy processing o f  iso la ted  pancreat ic 
i s le ts  was carried out in the Electron Microscopy Laboratory of 
the Department of Pathology, Western I n f i r m a r y ,  Glasgow. 
U l t rasec t ion s  of 80nm thickness were examined in a Phi lips 301 
Electron Microscope a f te r  contrast enhancement using Uranium and 
Lead.
2.8 PHOTOGRAPHY
Photomi crographs of c ryos ta t  and paraff in sections were 
obtained using Kodachrome 25 (dayl ight) f i lm  and an appropriate 
blue f i l t e r .  Processing to 35mm slides was carried out by Kodak 
laboratories and colour pr in ts  were generated from the original 
35mm sl ides by Co-Lab, Coventry.
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2.9 STERILISATION
Glassware and ins truments  were s te r i l i s e d  by autoclave. 
Solutions were e i ther  obtained p re -s te r i l ised  or passed through 
a m in ip o re  f i l t e r ,  pore size 0.45u. Plast ic-ware and m i l l ipore  
f i l t e r s  were s te r i l i s e d  by gamma i r ra d ia t io n .
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EXPERIMENTAL CHAPTERS
CHAPTER 1
MHC ANTIGEN EXPRESSION IN ADULT AND FOETAL DA RAT PANCREAS 
INTRODUCTION
The c e l l l u l a r  d i s t r i b u t i o n  of  MHC class I and class I I  
ant igen expression in r a t ,  mouse and human t issues share many 
s im i l a r i t i e s .  However, dif ferences with p o t e n t i a l l y  important  
implicat ions fo r  organ transplantat ion do ex is t  (Harris & G i l l ,  
1986). For example, vascular endothel ium in the ra t  does not 
con s t i tu t i ve ly  express class I I  antigens whereas in man class I I  
antigen is  readi ly detectable on unmodified e n d o th e l ia l  c e l l s  
(Reviewed by Koene et al , 1986).
H is to r i c a l l y ,  MHC class I antigens have been described as 
having a 'u b iq u i to u s '  d i s t r i b u t i o n  w i th  c la ss  I I  an t ige n  
expression being more res t r ic ted .  This concept, whi le broadly 
t r u e ,  required m o d i f i c a t i o n  in the l i g h t  of more recent  
d e s c r ip t io n s  of absent class I expression on several d i f fe ren t  
rat and human cel l  types in c lud ing  pancreatic  exocrine c e l l s  
(Hart et al 1983, Daar et al 1984, Steiniger et al 1985).
Levels of MHC antigen expression are in general much lower 
in  fo e ta l  t i ssue s  than in  ad u l t  t issues  (Ozato et al 1985, 
Sewell et al 1986). Although class I MHC antigens can be 
detected on foetal t issue by the ninth or tenth day of gestation 
in mice, the degree of expression remains at much lower than 
adult levels un t i l  some time a f te r  b i r th ,  and in developing mice 
and ra t s ,  the very few class I I  posit ive ce l ls  present have a
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t issue d is t r ib u t io n  quite d i f fe ren t  from th a t  o f  a d u l t  animals 
(Fuj iya et al 1985).
. The pattern of MHC antigen expression in a given t issue at 
the t ime of t r a n s p la n ta t io n  may be important  in determin ing 
whether t h a t  t i s s u e  is  seen as foreign and in in f luencing the 
nature and in tens i ty  of the immune response which i t  provokes. 
Although q u a n t i t a t i v e  ana lys is  provides usefu l  in fo rm a t ion  
regarding the k inet ics  of MHC antigen expression (M i l ton  et al
1986) t h i s  technique does not al low loca l isa t ion  of  antigen to 
spec i f ic  ce l l  types with in  a complex t issue  such as pancreas, 
composed, as i t  i s ,  of both endocrine and exocrine elements. In 
the experiments to be described, antigen expression was assessed 
on a q u a l i ta t ive  basis with negat iv i ty  being taken to represent 
absence of a pa r t icu la r  antigen or present at levels below that 
detected by the method used. By using cryostat t issue sections 
rather than isolated c e l ls ,  manipulations of t issue were kept to 
a minimum in the hope of avoiding any artefactual a l te ra t ion  in 
antigen expression.
MATERIALS AND METHODS
Adult rat pancreas glands were obtained from 8-20 week 
old male DA ra ts .  Following excision under general anaesthesia, 
the whole pancreas gland was snap-frozen in l iq u id  Nitrogen and 
stored at -70°C. Foetal pancreas glands were excised from 17 
day gestation DA foetuses and treated in a s im i la r  manner. In 
a d d i t ion  several foeta l  pancreas glands were f ixed in buffered 
formalin and embedded in para f f in .
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DA foeta l pancreases were also cultured in RPMI 1690 with 
10% heat in a c t i v a te d  foe ta l  c a l f  serum, 2mmol L -g lu tam ine ,  
streptomycin (lOOug/ml) and p e n ic i l l i n  lOOU/ml, supported in the 
g a s - l i q u id  i n te r fa c e  by a r a f t  of surgical ge la t in  with a gas 
phase of 5% CO2 in a i r .  Recombinant rat in terferon gamma (IFN- 
gamma) was added to the c u l t u r e  medium in h a l f  of the 
experiments at a concentration of lOOOU/ml. Culture medium was 
renewed every two days. A f te r  seven days the foetal pancreas 
glands were harvested from cul ture and snap-frozen in groups of 
e igh t ,  and stored at -70°C. For comparison (see la te r )  pancreas 
glands were removed from newborn DA rats and s im i la r ly  treated.
Cryostat sections were taken from mult ip le levels of each 
o f  f i v e  b lo c k s  per e x p e r im e n ta l  group and la b e l le d  wi th  
monoclonal antibodies to class I MHC antigens (MRC 0X18, MN4-91- 
6) and to  c lass I I  MHC antigens (MRC 0X6, F17-23,2) using the
I
i n d i r e c t  immunoperoxidase method and 3,3 diaminobenzid ine 
tetrahydrochlor ide substrate. MRC OX-21 was used as a negative 
c o n t r o l .  Sections were l i g h t l y  countersta ined w i th  H a r r is '  
haematoxylin and examined at magnifications of 100 x, 250 x and 
400 x and photographs taken using a standard technique.
Paraff in sections (6um) o f  fo e ta l  pancreas were sta ined 
with haematoxylin and eosin.
RESULTS
Adult rat pancreas
The pattern of MHC class I and class I I  expression in DA 
adult rat pancreas is summarised in Table 1.1.
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TABLE 1.1
MHC ANTIGEN EXPRESSION IN ADULT DA RAT PANCREAS
I s l e t  ce l ls  
Duct epithelium 
Exocrine ce l ls  
Vascular endothelium 
Vascular smooth muscle
Class I  Class I I
++
++
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Examination of appropriately label led cryostat sections of 
a d u l t  p a nc re as  re v e a le d  a s t r i k i n g  d i f f e r e n c e  in th e  
d is t r ib u t io n  of MHC class I and class I I  antigen expression. In 
class I la b e l le d  se c t io n s ,  i s l e t s  were readi ly id e n t i f ie d  as 
u n i fo rm ly  p o s i t i v e ,  rounded c o l l e c t io n s  o f  c e l l s  am idst  a 
background of negative exocrine c e l l s .  Among these exocrine 
ce l ls  were many l inear  areas of posit ive s ta in in g  represent ing 
small pancreatic ducts and possibly cap i l la ry  endothelium (Plate 
1.1). Vascular endothelium in medium sized vessels was strongly 
pos i t ive fo r  class I antigen but smooth muscle in the walls of 
these vessels was class I negative (Plate 1.2). The pattern of 
a n t ig e n  exp ress io n  i d e n t i f i e d  by MRC 0X18 l a b e l l i n g  was 
identica l  to  the pattern with the MN4-91-6 monoclonal antibody.
Sections label led with antibodies s p e c i f i c  f o r  MHC class 
I I  ant igens showed an e n t i r e l y  d i f fe ren t  pattern of stain ing. 
Only a scat tered popula t ion of i n t e r s t i t i a l  d e n d r i t i c  c e l l s  
(some c o n ta in e d  w i t h i n  i s l e t s )  was shown to  be class I I  
pos i t ive .  A l l  other pancreatic ce l ls  were class I I  negative, as 
was the vascular endothelium in medium sized vessels (Plates 1.3 
and 1.4).  The pattern of antigen expression ide n t i f ied  by both 
class I I  monoclonal antibodies was again iden t ica l .
Foetal rat pancreas
The ra t  fo e ta l  pancreas at 17 days gestation is seen on 
h is to log ica l  examination to consist of a co l lec t ion of endocrine 
c e l l s  fo rm in g  immature i s l e t s ,  s c a t t e r e d  areas o f  duct 
epithel ium, developing ac inar t issue  and occasional lymphoid
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PLATE 1.1 .  Cryostat section of adult rat  pancreas labe l led  
with MRC 0X18 which labels  MHC class I antigens (x900). Note 
rounded collection of positive cells representing a large is le t  
of Langerhans. Linear areas of posi t ive  sta in ing scattered  
among negative exocrine cells represent small pancreatic  ducts 
and possibly capi l lary endothelium.
PLATE 1.2.  Cryostat section of medium sized vessel from adult 
rat pancreas (x900). Labell ing with a n t i -c la s s  I MRC 0X18 
demonstrates strongly posi t ive  vascular endothelium (arrowed) 
and class I negative vascular smooth muscle.
V
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PLATE 1.3. Cryostat section of adult rat pancreas labelled with 
MRC 0X6 which labels MHC class I I  antigens (x900). Only a few 
scattered in te r s t i t i a l  cells are shown to be class I I  positive.  
Note the dendritic morphology of some of the positive cells .
PLATE 1 .4 .  Cryostat section of medium sized vessel from adult 
rat pancreas labelled with MRC 0X6 (x900). Vascular endothelium 
(arrowed) and smooth muscle are class I I  negative.
aggregates (Plates 1.5 and 1.6).
There was very l i t t l e  evidence of detectable MHC class I 
expression in any of the s e c t io n s  examined. Only very 
o c c a s io n a l  c la s s  I I  p o s i t i v e  c e l l s  were present scat tered 
amongst the developing pancreas (Plates 1.7 and 1.8).
Seven day cultured foetal pancreas (control)
Histological  examination of foetal pancreas cu l tu red  fo r  
seven days revealed a cen t ra l  core o f  necrot ic debris with a 
peripheral crust of well preserved pancreatic t i s s u e .  Class I 
antigen expression was more marked in the duct epithel ium and 
endocrine ce l ls  of cultured foetal pancreas than in the neonatal 
ra t  pancreas (P lates 1.9 and 1 .10) .  Class I I  posi t ive cel ls 
were s im i l a r  in number in cu l tu red  foe ta l  pancreas, f r e s h ly  
i s o la te d  specimens and neonatal pancreas (Plates 1.11, 1.8 and 
1. 12).
Seven day cultured foetal pancreas (IFN-gamma treated)
IFN-gamma added to the c u l tu re  medium produced a s l i g h t  
increase in the MHC class I labe l l ing  on i s l e t  ce l ls  and duct 
epithel ium in cultured foetal pancreas, pa r t icu la r ly  noticeable 
on the duct ce l ls  (Plates 1.13A and 1.13B, compared with Plate 
1.9). A much more obvious change in the pat tern of class I I  
ant igen expression was noted wi th  de novo induc t ion  on duct 
epithel ium. However, i s le ts  remained class I I  negat ive (P late 
1.14).
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PLATE 1.5.  Paraffin section of rat foetal pancreas at 17 days 
gestation stained with haematoxylin and eosin (x l4 0 0 ) .  Note 
c o l l e c t i o n s  of endocr ine c e l l s  (e )  and smaller  areas of 
developing acinar t issue (a) .
PLATE 1.6 . Paraffin section of rat foetal pancreas at 17 days 
gestation stained with haematoxylin and eosin ( x 900).  Note 
large collection of closely-associated lymphoid tissue (L).
PLATE 1.7 .  Cryostat section of rat  foeta l  pancreas labe l led  
with MRC 0X18 (a n t i -c la s s  I)  (x900). There is no evidence of 
class I labell ing on any cell - type.
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PLATE 1.8. Cryostat section of rat foeta l pancreas labe l led  
with MRC 0X6 (anti-class I I )  (x900). Only very occasional class 
I I  posi t ive  ce l ls  are seen scattered amongst the developing 
pancreas.
PLATE 1 .9 .  Cryostat section of 7 day cultured rat  foe ta l  
pancreas labe l led  with the a n t i -c la s s  I antibody,  MRC 0X18 
( x900)• Class I pos i t ive  duct epithel ium (d) and endocrine 
cells (e) are readily id en t i f iab le .
PLATE 1.10. Cryostat section of neonatal rat pancreas labelled 
with MRC 0X18 (x900). Very l i t t l e  evidence of class I labell ing  
is seen.
PLATE 1.11. Cryostat section of 7 day cultured foetal pancreas 
labelled with MRC 0X6 (anti-class I I )  (x900). Numbers of class 
I I  pos i t ive  ce l ls  are s im i la r  to those in f res h ly  isolated  
foetal (Plate 1.8) and neonatal pancreas (Plate 1.12).
PLATE 1.12. Cryostat section of neonatal rat pancreas labelled 
with MRC 0X6 (x900).
PLATE 1.13 A&B. Cryostat sections of foeta l  ra t  pancreas 
cultured with interferon-gamma. Sections have been labelled  
with MRC 0X18 (anti-class I)  (x900). Note s l ig h t  increase in 
class I labell ing of is le t  cells (A) and more marked increase in 
class I label l ing on duct epithelium (B).
PLATE 1.14 Cryostat section of foetal rat pancreas cultured  
with interferon gamma. Sections have been labelled with MRC 0X6 
(x900). Note de novo expression of class I I  antigens on duct 
e p i t h e l i u m .  I s l e t s  ( I )  remain negative except for  a few 
contained in te r s t i t ia l  cells .
DISCUSSION
The observed pa t te rn  of MHC antigen expression in the DA 
adult pancreas confirms the f ind ings of previous authors in th is  
and other ra t strains (Hart et al 1983, Steiniger et al 1985). 
The absence of de tectab le  le ve ls  of class I expression on 
pancrea t ic  exocrine c e l l s  and vascular smooth muscle helps to 
re a f f i rm  the thes is  tha t  these antigens are not expressed 
u b iq u i t o u s ly .  However, the implicat ions of these findings for  
pancreatic or i s le t  transplanta t ion are not immediately obvious 
as the endocrine c e l l s  themselves express MHC class I antigens 
to such an extent th a t  i d e n t i f i c a t i o n  of i s l e t s  on a non­
counte rs ta ined antibody label led section is possible by merely 
observing charac te r is t ic  d i s t r i b u t i o n  of the class I p o s i t i v e  
ce l ls .
MHC c la s s  I I  a n t ig e n  expression is  thought to  be an 
essential requirement fo r  antigen-presenting ce l ls  (Pober et al
1986). The f i n d in g  th a t  c lass I I  expression in  adu l t  ra t  
pancreas is l im i ted to a scattered popula t ion of  i n t e r s t i t i a l  
c e l l s  (many having dendr i t ic  morphology) is again in agreement 
with most previous studies (Hart et al 1983, S te in ig e r  et al 
1985 , Shienvold et al 1986). I f  class I I  antigen expression 
does represent the major b a r r i e r  to successful a l l o g r a f t i n g ,  
then these  r e s u l t s  would suggest  t h a t  e l i m i n a t i n g  t h i s  
population of ce l ls  p r io r  to transplantat ion would re s u l t  in a 
s i g n i f i c a n t  d i m i n u i t i o n  in  g r a f t  im m u n o g e n ic i t y . The 
observation of class I I  p o s i t i v e  d e n d r i t i c  c e l l s  w i th in  the 
i s l e t s  themselves helps to exp la in  why unmodif ied iso la ted
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i s l e t s  s t i l l  e l i c i t  a r e je c t io n  response when t ransp lan ted  
across a major h i s t o c o m p a t i b i l i t y  ba r r ie r  (Reckard and Barker 
1973, Finch & Morris 1976).
No evidence of class I I  MHC antigen expression was seen on 
endocrine c e l l s  in any of the t issue sections examined. When 
immunofluorescent techniques using monoclonal an t ibod ies  wi th  
p a r t i c u l a r  r e a c t i v i t y  (h ig h - t i t re d  anti  I-E) have been used by 
other workers, pancreatic endocrine ce l ls  in the isolated is le ts  
of certain ra t  strains appeared to be class I I  pos i t ive (Ulrichs 
and Muller-Rucholtz 1985, Ulr ichs et al 1987). This apparent 
discrepancy may re f lec t  var iable class I I  expression in a s tra in  
dependent manner or may in d ic a te  d i f f e r e n t  s e n s i t i v i t y  or 
s p e c i f i c i t y  of the antibody used. Changes brought about during 
the various stages of i s l e t  i s o l a t i o n  may also a l t e r  antigen 
expression in some way and in a d d i t io n ,  uptake of insu l in  by 
non-beta phagocytic c e l l s  could f u r t h e r  add confusion to  the 
i n t e r p r e t a t io n  of double-label led preparations (Pipeleers et al
1987).
In non-cultured foetal DA ra t  pancreas, the f in d in g s  of 
very low l e v e l s  of both class I and class I I  MHC antigen 
express ion was somewhat s u r p r i s in g  in view o f  the reported 
ra p id i ty  of reject ion in a l lo g ra f t  experiments with th is  t issue 
(Garvey et al 1979). In order to  t r y  and determine whether 
these immature c e l l s  possessed the necessary i n t r a c e l 1u la r  
machinery fo r  the manufacture and expression of  these antigens 
but were prevented from doing so by the presence of an 
' i n h ib i t o r '  or the absence of a ' s t i m u l a t o r ' ,  fo e ta l  pancreas
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glands were cu l tu red  fo r  seven days with and without IFN-gamma 
(a potent in d uce r  of both c lass  I and c lass  I I  a n t ig e n
express ion [H a l lo ran  et al 1986]) and the patterns of antigen 
expression compared with that of newborn ra t pancreas. In th is  
way the foetal pancreas was allowed to grow to the developmental 
age of the newborn rat pancreas, being removed from the foetal 
environment fo r  the las t  seven days of development.
When c u l t u r e d  w i t h o u t  IFN-gamma fo r  seven days the
d is t r ib u t io n  of MHC antigens came to resemble the adult pattern 
of expression rather than the foetal or neonatal pattern. This 
would suggest tha t  the cap ac i ty  f o r  c lass I expression is  
present in the immature rat pancreas and that removal from some 
i n h i b i t o r y  in f luence  present in  the fo e ta l  environment (o r  
s t im u la t io n  by some un iden t i f ied  factor  in the culture medium) 
is s u f f ic ie n t  to  al low these antigens to be expressed.
W i thou t  IFN-gamma in the medium c lass  I I  a n t ig e n
expression was l i t t l e  changed. As culture fo r  seven days has 
been shown to reduce the passenger leukocyte content of i s l e t s  
(Rab inov i tch  et al 1982, Serie et al 1983, Gebel et al 1983), 
i t  is  poss ib le  tha t  any co n ve rs io n  of c lass  I I  n e g a t iv e
dendr i t ic  ce l ls  to class I I  pos i t ive c e l l s ,  due to th e i r  removal 
from the fo e ta l  environment, may have been balanced by a 
select ive loss of these leukocytes in t issue cu l tu re .
IFN-gamma produced a modest increase in foetal pancreas 
class I expression but a more s t r i k in g  e f fec t  of th is  lymphokine 
was the in d u c t i o n  of s t rong de novo MHC class I I  ant igen 
expression on pancreatic ducts of the developing pancreas.
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Thus, although the very low levels of antigen expression present 
in f r e s h l y  i s o l a t e d  f o e t a l  pancreas might suggest a 
cor respond ing ly  low leve l  o f  immunogenic i ty , the re s u l t s  o f  
these  e x p e r im e n t s  would  i n d i c a t e  t h a t  under c e r t a i n  
circumstances (such as a l lo t ransp lanta t ion)  foetal pancreas has, 
or can ra p id ly  acqu ire ,  the capac i ty  fo r  high levels of both 
class I and class I I  antigen expression and would be l i k e l y  to 
be able to provide a strong immunogenic stimulus.
SUMMARY
1) MHC c lass I antigen expression in adult ra t pancreas was 
not de tec tab le  on exocr ine c e l l s  or v a s c u la r  smooth 
muscle.
2) MHC class I I  antigen expression in adult  rat pancreas was 
res t r ic ted  to a population of i n t e r s t i t i a l  ce l ls  scattered 
among the exocrine and endocrine ce l ls .
3) Rat foetal pancreas co n s t i tu t ive ly  expresses levels of MHC 
antigen much lower than adult rat pancreas.
4) Following cul ture of foe ta l  pancreas in  standard medium 
MHC class I antigen expression was greater than in fresh ly 
isolated neonatal pancreas.
5) Culture with IFN-gamma produced a s l igh t  increase in class 
I expression and a more pronounced increase in class I I  
expression compared to standard culture conditions.
129
CHAPTER 2
MHC ANTIGEN EXPRESSION IN DA FOETAL PANCREAS 
ISOGRAFTS AND ALLOGRAFTS
INTRODUCTION
MHC a n t ig e n  i s  n o t  a s t a t i c  phenomenon and t h e  
c o n s t i t u t i v e  pat tern of d is t r ib u t io n  in a t issue is influenced 
by a v a r ie t y  o f  d i f f e r e n t  fa c to rs  (reviewed by Fabre et al
1987). The changing pa t tern  of antigen expression fo l lowing 
transplanta t ion was described i n i t i a l l y  f o r  ra t  and mouse skin 
a l l o g r a f t s  (Dallman & Mason 1983, de Waal et al 1983) and in 
la te r  studies s im i la r  f in d in g s  were described f o r  many other 
t ransp lan ted  t issues (see Section 1). Information regarding 
pancreatic antigen expression fol lowing t r a n s p la n ta t io n  has so 
fa r  been r e s t r i c t e d  to tha t  derived from experiments w i th  
vascularised adult pancreas transplants in the rat (Steiniger et 
al 1985) and no previous study has examined changes in antigen 
expression in  foe ta l  pancreas (or any o ther  fo e ta l  t i s s u e )  
fo l lowing transplanta t ion.
I t  is l i k e l y  that the level of MHC antigen expression has 
an important bearing on the mechanisms of g ra f t  r e je c t i o n .  
P a r t i c u l a r l y  in view of  the f in d in g  reported in the previous 
chapter tha t  foe ta l  pancreas possesses low leve ls  of basal 
antigen expression with higher levels induced fol lowing in v i t ro  
s t imula t ion, analysis of changes in antigen expression may help 
to  exp la in  the reasons f o r  the reported rap id  r e je c t io n  of  
foetal pancreas fol lowing a l log ra f t ing .
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MATERIALS AND METHODS
Foetal pancreas glands were obtained from 17 day gestation 
DA foe tuses.  Fol lowing removal under s t e r i l e  c o n d i t io n s ,  a 
to ta l  of four donor pancreas glands were t ransp lan ted  w i thou t  
delay to the l e f t  renal subcapsular s i te  of each recip ient as 
described by Brown et al (1974).
Recipients were male DA rats in i s o g ra f t  experiments and 
male PVG rats in a l lo g ra f t  experiments. Recipient animals were 
sacr i f iced at days 4,6,8,10 (two to f ive  rats in each group at 
each time point) and a portion of the recip ient kidney with the 
attached foetal pancreas gra f t  was excised and snap-frozen to be 
stored at -70°C p r io r  to processing. Cryostat sections were cut 
at m u l t ip le  leve ls  th rou g h  each b lock  w i t h  a p o r t i o n  o f  
re c ip ie n t  kidney included along wi th  the grafted pancreas in 
each sec t io n .  Sec t ions  were su b s e q u e n t ly  l a b e l l e d  w i th  
an t ibod ies  i d e n t i f y i n g  monomorphic MHC class I and class I I  
determinants: MRC 0X18 and MRC 0X6 re s p e c t i v e ly .  In ad d i t ion  
monoclonal an tibod ies used to d i f fe re n t ia te  between donor and 
recip ient MHC class I and I I  antigens were MN4-91-6 (NDS 54) 
which reacts wi th a polymorphic determinant of MHC class I 
present in DA but not PVG stra in rats and F17-23-2, which reacts 
wi th  a polymorphic determinant of MHC class I I  I /A antigen 
present in DA but not PVG ra ts . A polyclonal guinea-pig an t i -  
i n s u l i n  an t ib o d y  was used to i d e n t i f y  i n s u l i n - c o n ta in in g  
endocrine ce l ls .  Again, an ind irec t  immunoperoxidase method was 
used w i th  3 ,3 '  diaminobenzid ine te t ra h y d ro c h lo r id e  as the 
subs t ra te .  Sections l i g h t l y  c o u n te r s ta in e d  w i th  H a r r i s '
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h a e m a to x y l in  were examined w i th  a l i g h t  m icroscope and 
appropriate photographs taken.
RESULTS
Isografts and a l log ra f ts  showed evidence of rapid i n i t i a l  
vascularisat ion and by day 4 there was evidence on histo logica l 
examination of t i s s u e  m a tu r a t io n  w i th  p r o ! i f e r a t i o n  and 
d i l a t a t i o n  of ducts and an increase in the p ropor t ions  of  
i n s u l i n  con ta in ing  endocr ine t is sue  (P la tes  2.1 and 2 . 2 ) .  
A l l o g r a f t s  examined from day s ix  onwards, however, showed 
obvious re ject ion characterised gross ly  by oedema and loss of 
v a s c u la r i t y  and h i s t o l o g i c a l l y  by the appearance of a heavy 
mononuclear cel l  i n f i l t r a t e  and progressive t issue d e s t ru c t io n .  
In none of the four a l l o g r a f t  rec ip ien ts  examined at day 10, 
could any recognisable pancreatic elements be id e n t i f ie d .
Antigen expression in DA fo e ta l pancreas is o g ra fts  and 
allografts
The changes in DA fo e ta l  pancreas antigen expression 
fo l lowing isograf t  and a l l o g ra f t  t ra n s p la n ta t io n  are shown in 
Tables 2.1 and 2.2. In fo rmat ion  regarding the presence or 
absence of antigen expression in the three major components of 
fo e ta l  pancreas ( i s l e t  c e l l s ,  duct ep i the l ium  and exocrine 
ce l ls )  was readi ly obtained from appropriately label led cryostat 
s e c t i o n s .  By us ing  monoclonal  a n t ib o d ie s  reac t ing  wi th  
polymorphic determinants of MHC class I and class I I  antigens 
(MN4-91-6) and F17-23-2 respectively) which label DA but not PVG
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PLATE 2.1 .  Cryostat section of 4 day foetal pancreas isograft  
l a b e l l e d  w i t h  an a n t i -  i n s u l i n  a n t i  bo dy using t h e  
immunoperoxidase method (x900) .  Note c lusters of po si t iv e l y  
label led cel ls representing developing endocrine tissue.
PLATE 2.2. Cryostat section of 4 day foetal pancreas al lograft  
(DA to PVG) labelled with an ant i - insul in antibody (x900). Note 
i n i t i a l  evidence of gr af t  growth with many areas of insul in-  
containing endocrine tissue.
TABLE 2.1
CLASS I MHC ANTIGEN EXPRESSION IN DA RAT FOETAL PANCREAS 
FOLLOWING TRANSPLANTATION TO THE RENAL SUBCAPSULAR SITE1
DA into DA DA into PVG
Graft isografts allografts
components (days) 2 (days)
4 6 8 10 4 6 8 10
I s le t  ce l ls  + ++ ++ ++ ++ ++ ++ ND'
Duct epithel ium + ++ ++ ++ ++ ++ ++ ND
Exocrine ce l ls  - - ( - ) ^  ( - )  + ++ (++) ND
1) Immunoperoxidase la b e l le d  sections were assessed without 
knowledge of the experimental group to which the g ra f t  
belonged. Graft components were graded: 0 = no s ta in ing,
+ = l i g h t  sta ining and ++ = strong sta in ing.
2) 2-5 grafts  per group examined at each time point.
3) ND - not detectable. Grafts appeared severe ly re jec ted  
with no recognisable pancreatic elements remaining.
4) From day 8 onwards very few exocrine c e l l s  were s t i l l  
i d e n t i f ia b le .
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TABLE 2 .2
CLASS I I  MHC ANTIGEN EXPRESSION IN DA RAT FOETAL PANCREAS 
TRANSPLANTATION TO THE RENAL SUBCAPSULAR SITE1
Graft
components
Is le t  ce l ls  
Duct epithel ium 
Exocrine ce l ls
DA in to  DA 
syngeneic 
graf ts  
(days)2
4 6 8 10
DA in to  PVG
a l log ra f ts
(days)
4 6 8 10
- - - ND3
+ ++ ++ ND
++ (++) ND
1) Immunoperoxidase label led sect ions were graded: 0 = no
s ta in ing ,  + = l i g h t  sta in ing and ++ = strong sta in ing.
2) 2-5 grafts  per group examed at each time point.
3) ND - not detectable. Grafts severely re jected.
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antigens, unequivocal determination of donor s t ra in  MHC antigen 
expression was poss ib le .  Antigen expression was graded as 
absent,  weak or s t ro n g ly  p o s i t i v e .  Blood vessels were only 
rare ly ide n t i f ied  in sections and in most cases proved to be of 
rec ip ient o r ig in ,  therefore no comment could be made regarding 
poss ib le  changes of antigen expression in donor stra in blood 
vessel s.
Class I  MHC antigens
In DA isogra f ts ,  a progress ive increase in  MHC class I 
antigen expression by i s l e t  ce l ls  and duct epithel ium occurred. 
Although by day 10 both endocrine ce l ls  and duct epithel ium were 
s t ro ng ly  c lass I p o s i t i v e ,  exocrine c e l l s  remained negat ive 
throughout (P lates 2.3A and 2.3B). A l l o g r a f t s  of  DA foe ta l  
pancreas showed a s im i l a r  pattern of class I stain ing to that 
seen in isogra f ts ,  with the notable exception that by day 6 the 
re je c t i n g  a l l o g r a f t s  showed strong stain ing of exocrine ce l ls  
(P la te  2 .4 ) .  A f u r t h e r  d i f f e r e n c e  between i s o g r a f t s  and 
a l log ra f ts  was the more rapid development of strong staining of 
duct epithel ium in a l log ra f ts .
Class I I  MHC antigens
Sequential examination of DA foetal pancreas grafts showed 
more s t r i k i n g  d i f fe rences  in class I I  MHC antigen expression 
between i s o g ra f t s  and a l l o g r a f t s .  In DA f o e t a l  pancreas 
i s o g r a f t s ,  both the endocrine and exocrine structures remained 
c lass I I  negative in marked con t ras t  to  DA fo e ta l  pancreas
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PLATE 2 .3 .  Cryostat sections of DA foeta l  pancreas isogra f t  
af ter  6 days (A) and 10 days (B). Sections have been labelled 
with MN4-91-6 (ant i  class I ) .  Note p o s i t i v e  s t a i n i n g  of  
developing i s l e t s  (e) and duct epi thel ium (arrowed) with  
exocrine cel ls uniformaly negative. In the day 10 isograft (B) 
(x1400) very few exocrine cel ls remain compared with the day 6 
isograft  (A) (x900).
PLATE 2.4. Cryostat section of day 6 DA to PVG rejecting foetal  
pancreas a l l o g r a f t  (x900). The section has been labelled with 
MN4-91-6 which is selective for class I of DA or igin but w i l l  
not label class I on i n f i l t r a t i n g  PVG cel ls.  Note evidence of 
gr af t  re ject ion wi th  d i s r u p t i o n  of  t i s s u e  a r c h i t e c t u r e .  
Remaining recognisable duct epithelium and is le t  tissue is class 
I positive and evidence of class I expression on exocrine cel ls  
can also be seen (arrowed).
transplanted into PVG recip ients where, by day s i x ,  there was 
strong sta in ing of both duct epithel ium and exocrine ce l ls  with 
F17-23-2, although i s l e t  c e l l s  were c o n s i s t e n t l y  c la s s  I I  
negative (Plates 2.5 and 2.6).
DISCUSSION
DA fo e ta l  pancreas transplanted to PVG recipients showed 
evidence of rapid r e je c t io n  on both gross in s p e c t i o n  and 
h i s to l o g i c a l  examination.  This r e je c t io n  was accompanied by 
changes in MHC antigen expression in the t ransp lan ted  t issue  
e s p e c ia l l y  class I I  expression. The pattern of MHC expression 
in re je c t in g  foe ta l  pancreas a l l o g r a f t s  was of p a r t i c u l a r  
i n t e r e s t  in view o f  the reported differences in immunogenicity 
between some types of fo e ta l  and a d u l t  t i s s u e  a l l o g r a f t s  
(Bi l l ingham & Silvers 1964, Heslop et al 1973). Although at the 
time of transplantat ion there was no c o n s t i tu t i v e  MHC class I I  
expression by e i t h e r  the endocrine or exocrine elements o f  
fo e ta l  pancreas, dur ing the course of unmodif ied re je c t io n  
marked i n d u c t i o n  o f  c la s s  I I  MHC a n t ig e n s  on both duct 
ep i the l ium  and residual exocrine c e l l s  was seen. Endocrine 
c e l l s  w i th in  the re je c t in g  fo e ta l  pancreas became class I 
pos i t ive but were never observed to express detectable class I I  
MHC antigens.
Th is  p a t t e r n  o f  MHC induct ion  is  comparable to tha t  
described fo r  adult vascularised rat pancreas a l log ra f ts  during 
r e je c t io n  (S te in ig e r  et al 1985) and c lear ly  demonstrates that 
the exocrine components of foetal pancreas possess the capacity
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PLATE 2 . 5 .  Cryostat section of 6 day DA foeta l  pancreas 
isograft  label led with F17-23-2 (anti-class I I )  (x900). Only a 
scattered population of densely staining i n t e r s t i t i a l  cells are 
class I I  posit ive.
PLATE 2.6.  Cryostat section of 6 day DA to PVG foetal pancreas 
a l l o g r a f t  label led with F17-23-2.  This antibody is selective 
for class I I  of DA (donor) origin and wi l l  not label recipient-  
s t r a i n  i n f i l t r a t i n g  c e l l s .  Duct epi thel ium and scattered  
exocrine cel ls (arrowed) are seen to express class I I  antigens. 
Evidence of reject ion is apparent with disrupt ion of t issue  
archi tecture.
to express MHC antigens in response to the stimulus of the host 
immune response. The presence of exocrine c e l l s  w i th  the 
a b i l i t y  to  express class I I  MHC antigens in fo e ta l  pancreas 
represents a p o te n t ia l l y  important d i f fe re n ce  between foe ta l  
pancreas and isolated i s l e t  ce l l  preparations. This may par t ly  
account fo r  the reported differences in i mmunogeni ci  ty  between 
these two sources of  i n s u l i n  producing t i s s u e  and f o r  the 
re la t ive  resistance of foetal pancreas to immunomodul a t i  on by 
organ c u l tu re  p r i o r  to transplantat ion (Simeonovic et al 1980, 
Garvey et al 1980a). I n t e r e s t i n g l y ,  crude mouse i s l e t  
preparations containing lymphoid aggregates, vascular t issue and 
duct fragments appear to be s ig n i f ic a n t ly  more immunogenic than 
those which have been highly pu r i f ied  (Gotoh et al 1986).
The changes in antigen expression seen fo l lowing isograft  
and a l lo g ra f t  transplantat ion are s im i la r  to those described in 
the previous chapter fo r  control and IFN-gamma-treated cultured 
foetal  pancreas and suggest a possible role fo r  th is  lymphokine 
in the a l te re d  antigen expression seen in the a l l o g r a f t e d  
pancreas.
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SUMMARY
1) DA fo e ta l  pancreas a l l o g r a f t s  are ra p id l y  re jec ted  by
unmodified PVG recip ients.
2) MHC class I an tigen expression is increased on the i s l e t
ce l ls  and duct epithel ium of i s o g ra f t s  and on the i s l e t  
c e l l s ,  duct ep i the l ium  and exocrine ce l ls  of unmodified 
a l lo g ra f ts .
3) MHC class I I  ant igen expression remains unchanged in
isog ra f ts .  In a l lo g ra f ts ,  de novo class I I  expression is 
induced on duct ep i the l iu m  and exocr ine c e l l s  but not 
i s l e t  ce l ls .
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CHAPTER 3
THE EFFECT OF CYCLOSPORIN A ON DA FOETAL PANCREAS ALLOGRAFTS 
INTRODUCTION
The funga l  m e t a b o l i t e  C y c lo s p o r in  A i s  now f i r m l y  
es tab l ished as a potent immunosuppressant with proven e f f icacy 
in  a broad range o f  c l i n i c a l  and e x p e r i m e n t a l  o rga n  
t r a n s p la n ta t io n s .  However, the prevention of re je c t io n  of  
transplanted pancreas, p a r t icu la r ly  i s l e t s  and fo e ta l  pancreas 
in the ra t  would seem to  be more d i f f i c u l t  to  achieve. Even 
doses as high as 40mg/kg/day have been reported to produce only 
very s l i g h t l y  prolonged surv iva l  of DA is le ts  transplanted to  
Lewis (LEW) re c ip ie n ts  (Morr is  et al 1980). Results from 
v a s c u la r i s e d  p a n c r e a t i c  g r a f t s  have been a l i t t l e  more 
encouraging (Rynasiewicz et al 1980, Morris et al 1980) but only 
a marginal p ro longat ion  of surv iva l  was reported fo r  fo e ta l  
pancreas transplants (Garvey et al 1980b).
A more recent  s tudy using the DA to Lewis s t r a i n  
combination has suggested tha t  the pessimism generated by the 
resul ts of the ea r l ie r  studies may have been misplaced. Using 
h ig h ly  p u r i f i e d  hand-picked i s l e t  preparations with Cyclosporin 
A given intramuscularly in a dose of 30mg/kg/day fo r  the f i r s t  
three days, Dibel ius et al (1986) have shown prolonged survival 
of transplanted is le ts  with results better than fo r  vascularised 
grafts in the same stra in combinations. I f  Cyclosporin A does 
indeed prolong the survival of vascularised pancreas and
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isolated i s le t s  in strong responder s t r a in  combinations, then 
the absence of an e f fec t  on foetal pancreas survival is puzzling 
and demands a reappraisal of the avai lable evidence.
In the study by Garvey et al (1980) su rv iva l  of foe ta l  
pancreas grafts  was assessed using functional c r i t e r i a  based on 
the restora t ion of euglycaemia in rats with chemical ly - induced 
diabetes. Mullen and Shintaku (1980) have emphasised the delay 
before diabetes could be expected to be improved when foe ta l  
pancreas glands are transplanted, with several weeks sometimes 
necessary before the foe ta l  pancreas matures s u f f i c i e n t l y  to 
cope with a hyperglycaemic challenge. In addit ion Cyclosporin A 
has tox ic  ef fects on pancreat ic  beta ce l l  f u n c t io n ,  shown in 
v i t r o  (N ie lsen et al 1986, Robertson et al 1986) and in vivo 
(Gunnarsson et al 1984, Basadonna et al 1986, van Schilfgaarde 
et al 1986, Otsu et al 1987) and i t  may also i n h i b i t  the 
vascular ingrowth required when free grafts such as i s l e t s  and 
foetal  pancreas are transplanted (Rooth et al 1988).
To overcome some of these d i f f i c u l t i e s ,  assessment of 
g ra f t  survival in th is  study has been based on gross inspection 
and h i s t o l o g i c a l  exa m ina t ion  wi th measurement of i n s u l i n  
content of grafts also carr ied out in certain instances. When 
these methods of assessment are employed the use of diabetic 
recipients carries no advantage and the diabetes may in f luence  
host immune responses (Mullen and Shintaku 1980). Therefore 
non -d iabe t ic  re c ip ie n ts  were used, and the DA to  PVG s t r a in  
com b ina t ion  was again chosen to a l low  f o r  un equ ivoca l  
determination of donor s tra in antigen expression wi th  the same 
monoclonal antibodies used in previous experiments.
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MATERIALS AND METHODS 
Experimental Groups
DA f o e t a l  pancreas glands (17-day g e s t a t i o n )  were 
transplanted to the renal subcapsular s i te  of male non-diabetic 
recip ient  ra ts . Four glands per recip ient  were transplanted to 
each animal in the fo l lowing groups.
1) PVG unmodified (n=18)
2) PVG given continuous da i ly  Cyclosporin A (n=32)
3) PVG given 14 days Cyclosporin A (n=6)
4) LEW unmodified (n=4)
5) LEW given continuous da i ly  Cyclosporin A (n=15)
Cyclosporin A Administration
Cyclosporin A was given by gavage once a day in a dose of 
15mg/kg/day.
Graft Assessment
Recip ient  animals were sacr i f iced at in terva ls  from 4 to 
40 days a f t e r  t r a n s p la n ta t io n .  The gross appearance of the 
transplanted pancreas was noted and in most cases a port ion of 
the recip ient kidney with the attached foetal pancreas gra f t  was 
excised and processed fo r  both monoclonal antibody labe l l ing  of 
cryostat sections (as previously described) and Haematoxylin and 
Eosin stain ing and polyclonal an t i - in s u l in  labe l l ing  of para f f in  
sections.
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Insulin content
In three of the animals in Group 1 and 5 of  the animals 
from Group 2 the in s u l i n  content of the transplanted pancreas 
was measured. Animals in Group 1 were sacr i f iced 14 days a f te r  
t r a n s p l a n t a t i o n  and in Group 2 a f t e r  40 days. Fo l low ing 
sac r i f ice  the l e f t  kidney with attached t ransp lan ted  pancreas 
was excised, ch i l led  in l iqu id  nitrogen and crushed to a powder. 
The powdered t i s su e  was c a r e f u l l y  washed i n to  a 25ml glass 
con ta iner  f i l l e d  with phosphoric acid alcohol and extract ion 
al lowed to  occur f o r  24 hours at 4°C. A l iquo ts  of f i l t e r e d  
supernatant were d i lu ted in a phosphate albumen buffer 1:4 and 
stored at -20°C. Immunoreactive i n s u l i n  concent ra t ion  was 
subsequently measured using a radioimmunoassay. Results were 
expressed as i n s u l i n  content per kidney and compared w i th  
measurements from the r i g h t  kidney (which had not received a 
g ra f t )  fo r  each animal. Measured insu l in  content of the r igh t  
kidney was subtracted from the measured content of the l e f t  
kidney plus gra f t  to give a value fo r  the insu l in  content of the 
transplanted pancreas.
Quantitative Analysis of Cellular In f ilt ra te
Cryostat sections from three groups of re c ip ie n ts  o f  
foetal pancreas grafts sacr i f iced  at s ix  days p o s t - t ra n s p la n t  
were label led with the fol lowing monoclonal antibodies using the 
immunoperoxidase technique.
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MRC 0X1 - Leucocyte Common Antigen
MRC 0X8 - Cytotoxic/suppressor T ce l ls  and NK cel ls
W3/25 - T helper ce l ls  and some macrophages
MRC 0X19 - T ce l ls  and thymocytes
MRC 0X39 - IL-2 receptor
MRC 0X21 - Negative control
Morphometric analysis using the po in t  count ing technique 
(see Section 2) was used and results expressed as percentage of 
area i n f i l t r a t e d  by posi t ive ce l ls .
RESULTS
Sixteen of 54 rats treated with Cyclosporin A died between 
the t h i r d  and t h i r t y - f i f t h  day post-t ransplantat ion (median 9 
days).  At autopsy, evidence o f  marked weight loss and lung 
changes consistent with microaspiration of the o l ive  o i l  vehicle 
was c o n s is te n t ly  found. In a l l  cases there was apparent ly  
normal growth of pancreatic g ra f ts .  Lewis rats appeared to be 
p a r t icu la r ly  susceptible to the adverse effects of Cyclosporin A 
with a m or ta l i ty  of 53% compared with 20% in PVG recip ients.
These 16 rats were not included in fu r ther  analysis.
Effect of Cyclosporin A on Foetal Pancreas A llograft Survival
Group 1
Gross examination of  unmodi i fe d  a l log ra f ts  from day six 
onwards revealed obvious evidence of re jec t ion  wi th  oedema and 
l o s s  o f  g r a f t  v a s c u l a r i t y .  R e je c t i o n  was con f i rm e d
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h is to lo g ica l l y  and in none of the four grafts examined at day 10 
was there any recognisable pancreatic elements remaining (Plate 
3.1)
Group 2
By contrast, DA foetal pancreas a l l o g r a f t s  t ransp lan ted  
in to  PVG re c ip ie n ts  receiving Cyclosporin A showed evidence of  
ea r ly  growth and matura t ion o f  g r a f t s .  A l l  g r a f t s  examined 
h i s t o l o g i c a l l y  at 35 days (n = 5) or 40 days ( n = 4) a f t e r  
transplantat ion in to  Cyclospor in A t re a te d  re c ip ie n ts  showed 
scat tered areas of i s l e t  t issue amid a background of prominent 
d i la ted ducts (Plate 3.2A). The presence of numerous areas of 
i n s u l i n  con ta in ing  endocrine t issue  was confirmed in a l l  the 
long s u rv iv in g  a l l o g r a f t s  (day 35 and 40) by a n t i - i n s u l i n  
antibody labe l l ing  of para f f in  sections (Plate 3.2B).
The remainder  o f  an ima ls  in  t h i s  group were e i t h e r  
s a c r i f i c e d  at i n te r v a ls  from day 6 to 21 and the pat tern of 
antigen expression determined (n= l l )  or sacr i f iced at day 40 fo r  
measurement of graft  insu l in  content (n=5). No gross evidence 
of re ject ion was seen in any of these animals.
Group 3
In 6 PVG r e c i p i e n t s  o f  DA a l l o g r a f t s ,  Cyclosporin A 
t r e a tm e n t  was stopped a f t e r  14 days. In a l l  g r a f t s ,  
h i s t o lo g i c a l  examination revealed evidence of marked reject ion 
with no recognisable pancreat ic  elements s u rv iv in g  beyond 10 
days a f te r  cessation of immunosuppression.
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PLATE 3 . 1 .  Paraffin section of unmodified rejecting DA to PVG 
foetal pancreas al lograf t  at day 10 stained with H+E (x900). No 
recognisable pancreatic elements remain.
PLATE 3 .2 .  Paraffin sections of DA foetal pancreas a l l o g r a f t  
a f t e r  40 days in a PVG reci pient  t reated with Cyclosporin A. 
Haematoxylin and eosin staining (A) (x900) shows evidence of 
well preserved morphology with recognisable endocrine areas (e) 
and duct epithelium (arrowed). Labelling with an a n t i - i n s u l i n  
antibody (B) (x900) confirms the presence of insulin-containing 
endocrine tissue.
Group 4
In none of four Lewis recipients of DA a l log ra f ts  was any 
ev idence of  s u r v i v i n g  pancreas de tec ted  10 days a f t e r  
transplanta t ion.
Group 5
Cyclosporin A e f fec t ive ly  prevented re ject ion of DA foetal 
pancreas in Lewis recip ients as well as PVG rec ip ients .  In a l l  
seven surv iv ing Lewis rats sacr i f iced at day 40, grafts appeared 
well vascularised and hea l thy .  H is to lo g ic a l  con f i rmat ion  of 
t h i s  absence o f  r e j e c t i o n  was obtained in a l l  cases wi th  
appearances identica l  to Plates 3.2A and 3.2B).
MHC Antigen Expression in Cyclosporin A Treated Allografts
Administrat ion of Cyclosporin A resulted in g ra f t  antigen 
expression c lo s e ly  resembling th a t  of isogra f ts  with class I 
expression on endocrine c e l l s  and duct ep i the l ium  but not 
exocrine ce l ls  (Plate 3.3).  The character is t ic  pattern of class 
I I  induction on duct epithel ium and exocrine ce l ls  demonstrated 
by F17-23-2 l a b e l l i n g  on unmodified a l log ra f ts  (see Chapter 2) 
was absent in Cyclosporin A treated a l l o g r a f t s  (P la te  3.4) in 
which, l i k e  syngeneic gra f ts ,  duct epithelium and exocrine ce l ls  
remained class I I  negative even in a l log ra f ts  examined 35 and 40 
days a f te r  transplanta t ion.
W i th in  14 days o f  t r a n s p la n t a t i o n ,  in Cyclosporin A 
t rea ted  a l l o g r a f t s  only very occasional i n t e r s t i t i a l  c e l l s  
expressing donor s t r a in  class I I  antigens could be seen, the 
remainder having presumably been destroyed in s i t u  or migrated
145
PLATE 3 . 3 .  Cryostat section of 6 day DA foetal  pancreas 
a l l o g r a f t  from a PVG r ecip ient  t reated with Cyclosporin A 
( x900) .  The section has been labe l led  with MN4-91-6 which 
labels class I antigen of DA strain but not PVG strain.  Note 
class I posi t ive  groups of  endocr ine c e l l s  ( e)  and duct  
epithelium. Exocrine cel ls are class I negative.
PLATE 3 .4 .  Cryostat section of 6 day DA foetal  pancreas 
a l l o g r a f t  from a PVG recipient  t reated with Cyclosporin A 
(x900) .  The section has been label led with F17-23-2 which 
labels class I I  antigen of DA strain but not PVG strain.  Only 
very occasional i n t er s t i t i a l  cells are class I I  positive.
from the g ra f t .
Examination of the re ject ing DA foetal pancreas a l log ra f ts  
in PVG recip ients whose Cyclosporin A was discontinued a f te r  14 
days, revealed strong stain ing of duct epithel ium with the F17- 
23-2 antibody with in s ix  days of stopping therapy.
Insulin Content
No insu l in  was detected in any of  the th ree  g ra f t s  from 
unmodified a l lo g ra f t  recipients in group 1 ( l im i t  of detection = 
0.25mU/graft).
By contrast the f ive  grafts from the Cyclosporin A treated 
a l lo g ra f t  recip ients (Group 2) in which insu l in  was measured had 
i n s u l i n  c o n te n ts  between 5.7  and 434 .8 m U /g ra f t  (median 
26.7mll/graft).
Magnitude and Phenotype of Mononuclear Cellular In f i lt ra te
DA foetal pancreas a l log ra f ts  were excised from unmodiifed 
and C y c lo s p o r in  A t r e a t e d  r e c i p i e n t s  s i x  days a f t e r  
t r a n s p l a n t a t i o n  and the magnitude and phenotype of the 
mononuclear c e l l  i n f i l t r a t e  was determined by morphometric 
ana lys is  of immunoperoxidase label led cryostat sections. The 
results of th is  analysis, expressed as the percentage area of  
g r a f t  i n f i l t r a t e d  by c e l l s ,  is shown in Table 3.1 (a group of  
PVG recip ients of PVG foetal pancreas isografts  is included fo r  
comparison).
C y c lo s p o r in  A a f f e c t e d  both the  magni tude and the 
phenotype of the ce l lu la r  i n f i l t r a t e .  Day six re ject ing
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TABLE 3.1
MAGNITUDE AND PHENOTYPE OF CELLULAR INFILTRATE IN RAT 
FOETAL PANCREAS TRANSPLANTS1
Experimental
Group
DA to  PVG 
untreated
MRC OX-1 MRC OX-8 W3/25 MRC OX-19
(a ll (Tc/s> NK (Th, (T lympho
leukocytes) NK cells) macropahges cytes)
43 (40-47) 12 (10-12) 14 (13-19) 2 (1-2)
DA to  PVG 
CyA
( 15mg/kg/day) 10 (10-10) 1 ( 1- 1) 7 (5-8) 1 ( 1- 1)
PVG to PVG 7 (6-7) <1 4 (4-5) <1
1) Grafts excised 6 days a f te r  transplantat ion were examined 
by morphometric analysis of immunoperoxidase label led 
cryostat sections.
2) Results are median and range of 3 grafts  examined.
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a l l o g r a f t s  showed a heavy OX-1 p o s i t i v e  ( l e u k o c y te  common 
antigen) mononuclear i n f i l t r a t e  (median 43%) whereas a l log ra f ts  
from day six Cyclosporin A treated recipients showed a markedly 
reduced i n f i l t r a t e  (median 10%) which was only s l i g h t l y  greater 
than th a t  observed in  day s i x  syngene ic  f o e t a l  pancreas 
transplants.
P hen o typ ic  a n a l y s i s  o f  th e  i n f i l t r a t e  showed th a t  
re ject ing a l log ra f ts  contained a much heavier i n f i l t r a t e  of OX-8 
p o s i t i v e  c e l l s  (Tc/ S and NK ce l ls )  than Cyclosporin A treated 
graf ts and an increased number of W3/25 posi t ive ce l ls  (T^ and 
macrophages). In both the re ject ing and Cyclosporin A treated 
a l log ra f ts  the percentage of OX-19 posi t ive (pan T c e l l )  c e l l s  
was low, i n d ic a t in g  the presence of large numbers of NK ce l ls  
(MRC OX-8 pos i t ive ,  MRC OX-19 negative) and macrophages (W3/25 
p o s i t i v e ,  MRC OX-19 negative) and/or weakly label led MRC OX-19 
p o s i t i v e  c e l l s  which were not a p p a r e n t  u s i n g  t h e  
immunoperoxi dase s ta in in g  technique. Label l ing sections with 
MRC OX-39 ( IL -2  receptor)  showed tha t  r e je c t in g  a l l o g r a f t s  
contained s ca t te re d ,  strongly posit ive ce l ls  (approximately 1% 
area i n f i l t r a t e d )  whereas these ce l ls  were v i r t u a l l y  absent from 
Cyclosporin A treated a l log ra f ts  and syngeneic grafts .
DISCUSSION
These experiments have shown tha t  Cyclosporin A, when 
given in a dose of 15mg/kg/day on a continuous da i ly  basis, w i l l  
prevent the reject ion of DA foetal pancreas transplanted to the 
renal subcapsular s i te  of PVG and Lewis r e c ip ie n t s .  By using
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h i s t o lo g i c a l  examination and d i r e c t  q u a n t i f i c a t i o n  of  g r a f t  
insu l in  content rather than functional c r i t e r i a  as measurements 
o f  g r a f t  v i a b i l i t y  the poss ib le  confusing e f f e c t s  of  g r a f t  
immaturity and the beta ce l l  t o x i c i t y  of Cyclosporin A have been 
avoided.
This perceived bene f ic ia l  e f fec t  of Cyclosporin A in rat 
foetal  pancreas transplantat ion would appear to  be at variance 
with resul ts reported by Garvey et al (1980). In th e i r  study, 
however, a f a i l u r e  to reverse hyperg lycaem ia  in d i a b e t i c  
recipients was interpreted as evidence of gra f t  re ject ion rather 
than functional immaturity of the transplanted pancreas and the 
p o s s i b i l i t y  th a t  g ra f t s  surv ived u n t i l  at least day 14 (when 
Cyclosporin A was stopped) was not e x c lu d ed .  Continuous 
a d m in is t ra t io n  of  Cyclospor in A appears to  be necessary f o r  
prolonged foetal pancreas a l l o g r a f t  su rv iva l  as withdrawal of 
t h i s  drug a f t e r  14 days resu l ted  in rap id  r e je c t io n  of a l l  
g ra f ts .  Although in a previous report by Dibel ius et al (1986) 
three days Cyclosporin A was su f f ic ie n t  to prolong the survival 
of i s l e t  a l lo g ra f ts ,  the method of administrat ion (intramuscular 
i n j e c t i o n )  appeared to  re s u l t  in a depot e f fec t  with moderate 
levels of the drug detectable in the blood some 70 days la te r .
As wel l  as pro long ing g r a f t  s u r v i v a l ,  C y c lo s p o r in  A 
markedly altered the pattern of MHC expression wi th in a l log ra f ts  
to  one resembling that of isografts  and prevented induc t ion  o f  
class I I  MHC antigen expression on the exocrine components o f  
the g ra f t .  This effect of Cyclosporin A is consistent with the 
inh ib i ted MHC induction described in other transplanted organs
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(Milton et al 1986) and might be expected to contr ibute to  th is  
drug's immunosuppressive action by preventing an increase in the 
ta rget  antigen density wi th in the g ra f t .
C y c lo s p o r in  A a lso  l im i t e d  the mononuclear c e l l u l a r  
i n f i l t r a t i o n  of foetal pancreas a l log ra f ts  and, in p a r t i c u l a r ,  
prevented the i n f i l t r a t i o n  of the numerous MRC OX-8 pos i t ive  
c e l l s  seen in  re je c t in g  g r a f t s .  This f i n d i n g ,  which is  in 
agreement wi th  a repor t  tha t  Cyclosporin A treatment prevents 
the accumulat ion of  MRC OX-8 p o s i t i v e  c e l l s  in  r a t  rena l  
a l log ra f ts  (McWhinnie, Dali man & Morris 1987), suggests that MRC 
OX-8 posi t ive ce l ls  may play a ro le  in g r a f t  r e je c t i o n .  The 
absence of a s i g n i f i c a n t  increase in the number of MRC 0X19 
posi t ive ce l ls  in the ce l lu la r  i n f i l t r a t e  o f  r e je c t in g  fo e ta l  
pancreas g ra f ts  would be consistent with the suggestion that a 
small  number of ac t iva ted  T c e l l s  i n i t i a t e s  the r e je c t io n  
response and tha t  t issue damage is mediated by the recruitment 
of large numbers of non-specif ic e f fec tor  ce l ls  such as MRC OX-8 
posi t ive NK ce l ls  and W3/25 posi t ive macrophages. However, i t  
is  not poss ib le  to  exclude the a l t e r n a t i v e  exp lanat ion th a t  
g r a f t  damage is mediated p r i n c i p a l l y  by a small number o f  
act ivated T ce l ls  and that large numbers of n o n -s p e c i f i c  c e l l s  
are recruited as a secondary response to t issue in ju ry .
The high morta l i ty  in the experimental groups treated with 
Cyclosporin A was a worrying observation and has been reported 
previously (Rynasiewicz et al 1980). However t o x i c i t y  may have 
been related more to the method of admin is t ra t ion r e s u l t in g  in 
microaspirat ion of the ol ive o i l  vehicle than a pa r t icu la r  
pharmacological e ffect of the Cyclosporin A i t s e l f .
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Although, re je c t io n  would appear to be more d i f f i c u l t  to 
prevent in foetal pancreas a l log ra f ts  than in renal a l lo g ra f ts ,  
Cyclosporin A does show some promise in th is  regard. Continuous 
administrat ion may be necessary, however, and in view of the 
reported t o x i c i t y  of th is  agent i t  would be desirable to l im i t  
the to ta l  dose administered. Combining techniques of in v i t r o  
g r a f t  immunomodul a t i  on w i th  lower doses of Cyclosporin A may 
e ve n tua l ly  prove b e n e f ic ia l  in preventing f o e t a l  pancreas 
re ject ion and merits fu r ther  investigation.
SUMMARY
1) Cyclosporin A prevents the reject ion of DA foeta l pancreas 
in PVG and Lewis rec ip ients .
2) Stopping Cyclosporin A a f t e r  14 days re s u l t s  in  rapid 
re ject ion of foetal pancreas a l log ra f ts .
3) Cyclospor in A t reatment o f  a l l o g r a f t  rec ip ien ts  a l te rs  
antigen expression in foetal pancreas grafts  to  a pattern 
resembling that of isograf ts .
4) Cyclosporin A affects both the magnitude and phenotype of 
the c e l lu la r  i n f i l t r a t e .
5) In grafts  treated with Cyclosporin A only very occasional 
d ono r -s t ra in  class I I  posit ive i n t e r s t i t i a l  ce l ls  remain 
a f te r  14 days.
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CHAPTER 4
INDUCTION OF MHC ANTIGEN EXPRESSION ON RECIPIENT RENAL TUBULES 
ADJACENT TO FOETAL PANCREAS ALLOGRAFTS 
INTRODUCTION
In normal PVG s t r a i n  k id n e y ,  weak c la s s  I a n t ig e n  
expression can be detected on a l l  t u b u la r  c e l l s  using the 
previously described monoclonal antibody l a b e l l i n g  techniques.  
MHC class I I  expression is l im i ted  to the basal portions of the 
ce l ls  of the proximal convoluted tubules.
In the course of examining the d is t r ib u t io n  of MHC antigen 
expression in foetal pancreas a l log ra f ts ,  unambiguous induction 
of both class I and class I I  MHC antigen expression was observed 
on the tubules of the renal cortex adjacent to  re ject ing foetal 
pancreas a l lo g ra f ts .
Several possible explanations can be postulated to account 
f o r  t h i s  apparent  inc reased  exp ress ion  of r e c ip ie n t  MHC 
antigens. F i r s t l y ,  release of lymphokines, such as IFN-gamma by 
act ivated i n f i l t r a t i n g  ce l ls  in the region of the renal tubules 
en route to  the fo re ign  pancrea t ic  t i s s u e ,  cou ld  lead  to  
induc t ion  of r e c ip ie n t  s t r a in  antigen expression. Secondly, 
adsorp t ion o f  shed antigen from damaged pancreat ic  c e l l s  by 
renal tubular  ce l ls  could produce a labe l l ing  pattern suggesting 
induction of antigen expression by tu b u la r  c e l l s .  A f u r t h e r  
p o s s i b i l i t y  suggested by the occasional f i n d in g  of c lo s e ly -  
associated lymphoid t issue on h isto logica l  examination of foetal
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pancreas is  th a t  the observed induc t ion  of renal tubular MHC 
antigen expression may have been in response to a lo c a l i s e d  
graft-versus-host reaction.
To examine these hypotheses a study of labe l l ing  patterns 
of r e c ip ie n t  kidney tubules was conducted using polymorphic 
monoclonal an t ibod ies  s p e c i f i c  f o r  donor s t r a i n  antigens in 
addit ion to monomorphic monoclonal an t ibod ies  which la b e l le d  
both donor and r e c i p i e n t  s t r a in  an t igen .  This technique 
th e re fo re  al lowed unequivocal d i f f e r e n t i a t i o n  of donor and 
recip ient s t ra in  antigen expression.
In cons ider ing  the p o s s i b i l i t y  of a lo c a l is e d  g r a f t -  
versus-host reaction being responsible, fu r the r  experiments were 
carr ied out in which foetal pancreas glands from DA donors were 
transplanted in to  (DAxPVG) FI recipients (g iv in g  the p o te n t ia l  
fo r  g ra f t  versus host reaction but not fo r  g ra f t  re ject ion)  and 
from (DAxPVG) FI donors i n t o  PVG r e c i p i e n t s  ( g i v i n g  the  
p o t e n t i a l  f o r  g ra f t  re je c t io n  but not a g r a f t - v e rs u s - h o s t  
reaction.
MATERIALS AND METHODS
Foetal pancreas t r a n s p l a n t s  were c a r r i e d  ou t  in  an 
identical manner to that described in previous chapters.
As the induction of both MHC class I and class I I  antigen 
expression on renal tubules was o r i g i n a l l y  observed to be 
maximal on the s ix th post-transplant day, th is  was chosen as the 
time of sac r i f ice  in most instances. In order to exclude the 
p o s s i b i l i t y  tha t  the k in e t i c s  of antigen expression would be
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d i f fe ren t  when graft-versus-host reaction without reject ion was 
present animals in th is  group were also sacr i f iced at days 4, 8, 
10, 12 and 14.
Following sac r i f ice  cryostat sections of rec ip ien t  kidney 
with adjacent foetal pancreas graf ts  were label led with the same 
monoclonal an t ibody technique as p re v io u s ly  descr ibed.  The 
polymorphic an t ibod ies  labe l l ing  class I and class I I  antigens 
of DA stra in  were MN4-91-6 and F17-23-2 respect ive ly . MRC OX-18 
and MRC OX-6 la b e l le d  c lass I and class I I  ant igens of both 
donor and rec ip ient s t ra in .
Groups
1) DA to PVG (n=5) sacr i f iced day 6.
2) DA to DA (n=3) sacr i f iced day 6.
3) DA to (DAxPVG) FI (n=12) sacr i f iced days 4-14.
4) (DA x PVG) FI to  DA (n=4) sacr i f iced day 6..
RESULTS
A l l  sec t ions  examined from animals in Group 1 showed 
obvious evidence of induction of both class I and class I I  MHC 
antigen expression on the renal tubules immediately under ly ing  
the re jec t ing a l l o g r a f t ,  up to a to ta l  distance of approximately 
th ree  to  fo u r  t u b u la r  diameters (P lates 4.1 and 4 .3 ) .  This 
increased renal tu b u la r  expression was only seen using the 
monomorphic a n t i - c l a s s  I (MRC OX-18) and a n t i - c l a s s  I I  (MRC 
OX-6) antibodies and not the polymorphic ant i -c lass I (MN4-91-6) 
and ant i -c lass I I  (F17-23-2) an t ibod ies  (P lates 4.2 and 4.4)
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PLATE 4 . 1 .  Cryostat section of rejecting DA foetal pancreas 
t ransplant  (p) and adjacent renal cortex (k) 6 days a f t e r  
transplant (xl400).  The section has been labelled with MRC 0X18 
( a n t i -c la s s  I ) .  Note strong induction of class I antigen 
expression on rec ip ient  renal tubular cells (arrowed) adjacent 
to rejecting a l lograft .
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PLATE 4 .2 .  Cryostat section of re ject ing  DA foeta l  pancreas 
t ransplant  (p) and adjacent renal cortex (k) 6 days a f t e r  
transplant (xl400).  The section has been labelled with MN4-91-6 
(a n t i -c la s s  I )  which labels  DA antigen but not PVG antigen.  
Note absence of class I expression of donor or ig in  on renal 
tubular cells confirming that tubular induction in Plate 4.1 is 
not due to adsorbed donor MHC antigen.
PLATE 4.3. Cryostat section of rejecting DA foetal rat pancreas 
t ransplant  (p) and adjacent renal cortex (k) 6 days a f t e r  
transplant (x900). The section has been labelled with MRC 0X6 
(anti-class I I ) .  Note evidence of strong induction of class I I  
antigens on rec ip ien t  tubu lar  c e l ls  (arrowed) a d ja c e n t  to  
rejecting a l logra f t .
PLATE 4 . 4 .  Cryostat section of rejecting DA foetal pancreas 
t ransplant  (p) and adjacent renal cortex (k) 6 days a f t e r  
transplant (x900). The section has been labelled with F17-23-2 
which labels only DA strain class I I .  Note absence of class I I  
expression of donor or ig in  on renal tubular ce l ls ,  confirming 
that tubular induction in Plate 4.3 is not due to adsorbed donor 
MHC antigen.
ind ica t ing that i t  represented induction of recip ient  s t ra in  MHC 
antigens, rather than adsorption of donor MHC antigens shed from 
the g r a f t .  In the DA to DA is o g ra f t s  (Group 2) there was no 
evidence of increased renal tubular  expression of e i ther  class I 
or c lass I I  ant igens thus exc luding the p o s s ib i l i t y  that the 
induced antigen expression was secondary to the trauma of the 
gra f t ing  procedure.
In the DA to (DAxPVG) FI combination (Group 3) at no time 
was any induction of renal tubular  antigen expression detected 
even in areas of kidney adjacent to  lymphoid t issue transplanted 
with the foeta l pancreas. On the other hand, in the (DAxPVG) FI 
to DA combination (Group 4) , the renal tubules adjacent to  the 
transplanted pancreas in a l l  four animals sacr i f iced at day six 
showed unequivocal evidence of induced expression of MHC class I 
and class I I  antigens.
Therefore, whereas a loca l ised graft -versus-host reac t ion  
in the absence of re je c t io n  does not lead to the induction of 
antigen expression on r e c ip ie n t  kidney t u b u le s ,  a l l o g r a f t  
re je c t io n  w i thout  any graft-versus-host reaction is s u f f ic ie n t  
t o  induce antigen e x p re s s io n  on the  u n d e r l y in g  t u b u l e s .  
However, although a local ised graft-versus-host reaction is not 
s u f f ic ie n t  on i t s  own, the p o s s i b i l i t y  tha t  t h i s  reac t ion  is  
a d d i t i v e  or s y n e rg is t i c  with re je c t io n  in inducing tu b u la r  
antigen expression, has not been excluded.
An addit ional observation lends support to  the suggestion 
tha t  a l im i t e d  loca l  g ra f t - v e rs u s -h o s t  reaction does in fact 
take p lace. Of the Group 3 animals (with the p o te n t ia l  fo r
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gra f t  versus host reaction but not graf t  re je c t ion ) ,  in one of 
fou r  an imals s a c r i f i c e d  at day s ix  and in one of th re e  
s a c r i f i c e d  at day e ig h t ,  although there was no evidence of 
t issue damage, induction o f  MHC class I I  antigen expression was 
observed on several pancreatic ducts in small areas of the gra f t  
immediately adjacent to  lymphoid c o l l e c t i o n s ,  w h i le  ducts 
e lsewhere  i n  th e  same c r y o s ta t  sect ion remained c lass I I  
negative (P la tes 4.5 and 4 .6 ) .  This e f f e c t  appeared ra the r  
weak, however, with some ducts containing both class I I  posit ive 
and class I I  negative ce l ls .
DISCUSSION
Induc t ion  of MHC antigen expression w i t h in  r e je c t i n g  
fo e ta l  pancreas g ra f ts  occurs in assoc ia t ion  wi th  a heavy 
mononuclear cel l  i n f i l t r a t e  and is  presumably mediated by IFN- 
gamma and o the r  lymphokines re leased by ac t iva ted  g r a f t  
i n f i l t r a t i n g  c e l ls .  I t  is l i k e ly  that induction of MHC antigen 
expression on the a l lo g ra f t  rec ip ien t 's  renal tubules is due to 
the same mechanism with e i ther  d i f fus ion of released lymphokines 
from the t ransp lan ted  pancreas to the under ly ing  kidney or 
release of lymphokines w i th in the kidney i t s e l f  from a c t iva ted  
i n f i l t r a t i n g  cel ls  en route to  the overlying pancreas a l lo g ra f t .
The f i n d i n g  t h a t  g r a f t  i n f i l t r a t i n g  c e l l s  and t h e i r  
lymphokines were able to induce MHC class I I  ant igens in the 
rec ip ient renal cortex but not in the endocrine ce l ls  wi th in the 
graft  is of note and emphasises the apparent resistance of i s le t  
ce l ls  to class I I  inducing st imuli  ( Pujol-Borrel 1 et al 1986 and
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1 9 8 7 ) .
A loca l ised  g ra f t -ve rsus -h os t  re a c t io n  was not re q u i re d  
f o r  i n d u c t i o n  of  an t igen  expression on rec ip ien t  tubules and 
when the po ten t ia l  fo r  t h i s  reaction without g ra f t  re jec t ion  was 
present  (Group 3) ,  no in d u c t io n  of MHC antigen expression was 
seen on r e c i p i e n t  t u b u la r  c e l l s .  Although in d u c t io n  o f  MHC 
c lass  I I  an t igen  expression was seen on pancreatic ducts close 
to  lymphoid co l lec t io ns  in a few examples of parent s t ra in  to  FI 
t r a n s p l a n t s ,  t h i s  e f f e c t  was very l o c a l i s e d  and appeared 
u n l ik e ly  to  s i g n i f i c a n t l y  e f fe c t  g ra f t  immunogeni ci  t y . I f ,  as
has been suggested (Simeonovic et al 1984), lymphoid t i s s u e ,  
c l o s e l y  asso c ia ted  w i th  the f o e t a l  pancreas  does in  f a c t  
s i g n i f i c a n t l y  c o n t r i b u te  to  g ra f t  immunogeni c i t y  i t  would seem 
more l i k e l y  tha t  t h i s  is due to  an increase in ava i lab le  ta rge t  
antigens f o r  rec ip ien t  e f fe c to r  mechanisms rather than increased 
a n t i g e n  e x p r e s s io n  on t h e  f o e t a l  panc reas  i t s e l f  as a 
consequence o f  a loca l ised graf t -versus-host  reaction.
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PLATE 4 .5 .  Cryostat section of day 6 DA to (DAxPVG)Fl foetal 
pancreas t ra n s p la n t ,  labe l led  with MRC 0X6 (a n t i -c la s s  I I )  
( x 1400)• In an area of pancreas close to a c o l le c t io n  of 
lymphoid tissue (not shown) evidence of class I I  expression on 
duct epithel ia l  cells can be seen (arrowed).
f
:
PLATE 4.6. Cryostat section from day 6 DA to (DAxPVG)Fl foetal 
pancreas transplant (same animal as Plate 4 . 5 ) ,  labe l led  with 
MRC 0X6 (x l400) . Elsewhere in the same section duct epithelium 
remains class I I  negative (arrowed).
SUMMARY
1) An increase in recip ient s t ra in  MHC class I and class I I  
antigen expression is induced on the renal tu b u la r  c e l l s  
immediately adjacent to  a foetal pancreas a l lo g ra f t .
2) This induced expression was a consequence of the re ject ion 
response rather than a manifestation of a local ised g ra f t -  
versus-host reaction.
3) There is  suggestive evidence tha t  a very l im i ted g ra f t -  
versus-host reac t ion  may occur in r e la t i o n  to  areas of 
associated lymphoid t i s s u e  t ransp lan ted  along with the 
foeta l  pancreas.
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CHAPTER 5
THE EFFECT OF INTERFERON GAHMA ADMINISTRATION ON MHC ANTIGEN 
EXPRESSION IN THE ADULT RAT PANCREAS 
INTRODUCTION
Tissue l e v e l s  o f  MHC c la s s  I and c la s s  I I  a n t ig e n  
e x p re ss io n  va ry ,  in both e x te n t  and d i s t r i b u t i o n ,  to  a 
considerable degree under a var ie ty  of d i f f e r e n t  circumstances 
( rev iew ed  by Fabre et al 1987). M o d i f i c a t io n  of antigen 
expression may play an importan t  part  in the re gu la t io n  of 
immune responses and fo l lowing transplanta t ion the increase in 
both c lass I and class I I  an t igen e x p re s s io n  may he lp to  
determine the fate of the g ra f t .  In pa r t i c u la r ,  increased class 
I I  antigen expression has been shown to  resu l t  in an increased 
an t igen -p resen t ing  a b i l i t y  of cultured endothel ial  ce l ls  with 
the  immunogenic c a p a c i t y  o f  these c e l l s  seeming t o  be 
p rop o r t ion a l  to  the extent of  MHC antigen expression (Ferry et 
al 1987).
I t  has been suggested th a t  the observed in c re a s e  in  
a n t ig e n  exp ress io n  fo l l o w in g  t ra n s p la n ta t io n  represents a 
response to  loca l  re lease of  lymphokines and although other 
s im i l a r  but d i s t i n c t  lymphokines may have analogous e f f e c ts  
(Groenewegen et al 1986), interferon-gamma (IFN-gamma) i s  
thought to  be p a r t i c u l a r l y  important  (Ha l lo ran et al 1986, 
M i l ton  et al 1986b). Support ing the notion th a t  increased 
antigen expression re f lec ts  the local response to a lymphokine
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is  the observed d is t r ib u t io n  of the increased antigen expression 
on host rena l  t u b u la r  c e l l s  f o l lo w in g  subcapsular f o e t a l  
pancreas transplantat ion (Chapter 4).
The reduction in class I I  ant igen expression in animals 
treated with Cyclosporin A (Milton et al 1986b, Romaniuk et al 
1987b) may at least in part be due to  a decrease in st imulat ion 
by IFN-gamma as, although Cyclosporin A has no d i rec t  e f fec t  on 
decreasing the MHC expression of cu l tu red  c e l l s  (Bishop et al 
1986), i t  has been shown th a t  t h i s  agent w i l l  i n h i b i t  the 
release of IFN-gamma by T-lymphocytes (Reem et al 1983).
Systemic administrat ion of recombinant IFN-gamma to  mice 
and ra ts  produces a general increase in the levels of class I 
and class I I  MHC antigen expression throughout the body, wi th  
induc t ion  of antigen expression being p a r t i c u la r l y  marked in  
ce l ls  which normally express low levels of these antigens in the 
re s t in g  s ta te  (Skoskiewicz et al 1985, Leszczynski et al 1986, 
Hayry et al 1986). This response to  IFN-gamma, as wel l  as 
d i f f e r in g  according to the t issue examined is also subject to  a 
considerable degree of inter-species v a r ia t io n  (Skoskiewicz et 
al 1985). In the experiments described below a l te ra t ions in the 
ant igen expression in  the var ious components of  adu l t  ra t  
pancreas are examined, fo l lo w in g  systemic ad m in is t ra t ion  of 
IFN-gamma.
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MATERIALS AND METHODS 
Experiment 1
Male DA r a t s  w e i g h i n g  2 0 0 -2 5 0g  w e re  i n j e c t e d  
i n t r a p e r i t o n e a l  l y  w i th  IFN-gamma each day fo r  s ix  days. 
Following prel iminary studies using var ious doses, a standard 
dose of 1 x 10^U/kg was found to  produce maximal changes in MHC 
antigen expression and th is  dose was used throughout.
Rats were sacr i f iced on days 6, 9 and 21 (three at each 
time point) and cryostat sections of pancreas were label led with 
an t i -c lass  I monoclonal antibodies (MRC 0X18 and MN4-91-6) and 
a n t i - c l a s s  I I  monoclonal an t ibod ies  (MRC 0X6 and F17-23-2) . 
Staining was carried out using the immunoperoxidase methods and 
diaminobenzidine substrate with a l i g h t  counter sta in of Harr is '  
haematoxyl in. Sections were then examined us ing  a l i g h t  
microscope and MHC class I and class I I  antigen expression on 
the d i f f e r e n t  c e l l u l a r  components of the ra t  pancreas was 
compared fo r  each time point and appropriate photographs taken.
Experiment 2
A single in traper i toneal  dose of rat recombinant IFN-gamma 
was administered to male DA rats weighing 200-250g. Rats were 
k i l l e d  three days la te r ,  the pancreas excised and 5 micron th ick  
c r y o s t a t  s e c t io n s  p r e p a re d  as p r e v i o u s l y  d e s c r i b e d .  
Subsequently, labe l l ing  with MRC 0X6 monoclonal antibody (a n t i ­
c lass I I )  was ca r r ied  out with di ami nobenzi di ne used as a 
substrate in the immunoperoxidase technique.
From each frozen block of pancreas, fou r  sections were
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taken in a random manner, and 20 high power f ie lds  examined in 
each section. Counting was carr ied out b l in d ly  on coded s l ides 
to  avoid observer bias and the code was only broken when a l l  
counting was complete. The number of  OX 6 posit ive ce l ls  with
d e n d r i t i c  morphology was counted w i th  the e ve n tu a l  r e s u l t  
expressed as class I I  pos i t ive ce l ls  per mm^ .
Groups were as fo l lows,  with three animals in each group.
Group 1 - Control
Group 2 - 1 x 10^U/kg IFN-gamma
Group 3 - 1 x 10^U/kg IFN-gamma
Group 4 - 1 x 10^U/kg IFN-gamma
RESULTS 
Experiment 1
MHC class I antigen expression
When 0X18 and MN4-91-6 la b e l le d  sl ides were examined, a 
marked increase in class I an tigen expression in response to 
IFN-gamma ad m in is t ra t ion  was apparent throughout the adult rat 
pancreas by day s i x .  A l l  exocr ine and endocrine c e l l s  had 
become class I p o s i t i v e  wi th  membrane l a b e l l i n g  o f  exocrine 
c e l l s  being p a r t i c u l a r l y  prominent and r e s u l t i n g  in a lacy 
pa t te rn  of s ta in in g .  I s l e t s  could be picked out on label led 
sect ions as more l i g h t l y  sta ined homogeneous c o l l e c t io n s  of 
p o s i t i v e l y - l a b e l l e d  c e l l s  w i th  much less prominent membrane 
s ta in ing.  Duct epithel ium, vascular endothel ium and vascular
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smooth muscle were a l l  strongly posit ive fo r  class I expression 
(Plates 5.1 and 5.2).
By day n ine  a l l  th e  p r e v i o u s l y  p o s i t i v e l y - l a b e l l e d  
pancrea t ic  s t ru c tu re s  continued to express class I antigens 
although sta in ing of vascular smooth muscle was much less marked 
(Plates 5.3 and 5.4).
By day 21, exocrine ce l ls  were only very l i g h t l y  s ta ined 
but a lacy pat te rn  of membrane stain ing persisted. Is le ts  were 
prominent w i th  the endocr ine c e l l s  now express ing c lass I 
antigens to  a greater extent than the background exocrine ce l ls  
and in th is  respect resembling the sections from the untreated 
con tro l  an imals, although the actual i n t e n s i t y  of class I 
l a b e l l i n g  o f  i s l e t  c e l l s  remained g rea te r  than in c o n t ro ls .  
(Plate 5.5).
MHC class I I  antigen expression
Examination of 0X6 and F17-23-2 label led sections revealed 
a very d i f fe ren t  response to st imulat ion by intraperi toneal IFN- 
gamma. Endocrine, exocrine and smooth muscle ce l ls  a l l  fa i le d  
to show evidence of induction of MHC class I I  antigen expression 
at day 6, 9 and 21. However, vascular endothelium did become 
strongly class I I  pos i t ive  by day 6 although t h i s  was a very 
short l ived e f fec t  which could no longer be observed in the day 
9 sections (Plates 5.6 and 5.7).
Experiment 2
The ef fect  of various doses of in t r a p e r i to n e a l  IFN-gamma 
on the density of class I I  posi t ive dendr i t ic  ce l ls  in sections
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PLATE 5 .1 .  Cryostat section of adult rat pancreas from a DA 
rat t reated  with dai ly  intraperitoneal injections of IFN-gamma 
for 6 days then k i l led .  Section has been labelled with MN4-91-6 
(anti-c lass I )  (x900). All cell types (endocrine and exocrine) 
have become class I positive with membrane staining less marked 
in is le ts  ( I ) .
PLATE 5.2. Cryostat section of adult rat pancreas from the same 
animal as Plate 5.1. Section has been labe l led  with MRC 0X18 
(anti-c lass I )  (x900). Pattern of labell ing is similar to that 
of MN4-91-6 although staining is more intense. Note vascular  
endothelium (e) and smooth muscle (m) are strongly positive for 
class I expression.
PLATE 5.3. Cryostat section of adult rat pancreas from a DA rat 
treated with daily intraperitoneal injections of IFN-gamma for 6 
days and then kil led 3 days la te r .  Section has been labe l led  
with MN4-91-6 (anti-class I )  (x900). Note a l l  cell types remain 
class I positive with similar appearances to Plate 5.1.
PLATE 5.4. Cryostat section of adult rat pancreas from the same 
animal as Plate 5 .2 .  Section has been labelled with MRC 0X18 
(anti-class I (x900). Note staining of vascular smooth muscle 
is much less marked (m).
PLATE 5.5. Cryostat section of adult rat pancreas from a DA rat 
treated with daily intraperitoneal injections of IFN-gamma for 6 
days and then kil led 15 days la te r .  Section has been labelled 
with MN4-91-6 (anti-class I )  (x900). Exocrine cells are now only 
very l i g h t l y  stained. Note tha t  endocrine c e l ls  with in  the 
i s le t s  ( I )  are now expressing class I antigens to a greater  
extent than the background exocrine cells .
PLATE 5.6. Cryostat section of adult rat pancreas from a DA rat 
treated with daily intraperitoneal injections of IFN-gamma for 6 
days then k i l le d .  Section has been labelled with MRC 0X6 (a n t i ­
class I I )  (x900). Note evidence of class I I  antigen induction 
on vascular endothelium ( e ) ,  with other cell types other than 
in t e r s t i t i a l  cells remaining class I I  negative.
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PLATE 5.7. Cryostat section of adult rat pancreas from a DA rat 
treated with daily intraperitoneal injections of IFN-gamma for 6 
days and then k il led 3 days la te r .  Section has been la b e l le d  
with MRC 0X6 ( a n t i - c l a s s  I I )  (x900) . Note that vascular  
endothelium (e) has already returned to a class I I  negative  
state.
of adult ra t pancreas is shown in Table 5.1.
There was a progressive increase in the number of class I I  
p o s i t i v e  c e l l s  w i th  inc reas ing  doses of IFN-gamma. Following 
the breaking of  the coding system, when sl ides from each of the 
fo u r  groups were compared d i r e c t l y ,  t h i s  evenly d i s t r i b u t e d  
increase in the numbers of class I I  posit ive dendr i t ic  ce l ls  was 
apparent on visual inspection (Plates 5.8A, 5.8B and 5.8C).
DISCUSSION
These experiments, show that administration of IFN-gamma 
produces profound a l t e r a t i o n s  in both the d i s t r i b u t i o n  and 
in tens i ty  of MHC class I and class I I  antigen expression in the 
adult rat pancreas. The marked increase in MHC class I antigen 
expression throughout the adult pancreas in response to a s ix -  
day course of IFN-gamma emphasises the dynamic nature of MHC 
e x p r e s s io n .  A l l  p a n c r e a t i c  c e l l - t y p e s  expressed c lass I 
antigens strongly fo l lo w in g  s t im u la t io n ,  with the p rev iou s ly  
negative exocrine cel ls  appearing to be p a r t i cu la r ly  responsive 
to the IFN-gamma, with prominent membrane l a b e l l i n g  a s t r i k i n g  
feature. This class I expression by DA rat pancreatic exocrine 
c e l l s  is an example of in te r s p e c ie s  v a r i a t i o n  in a n t ig e n  
expression co n t ra s t in g  w i th  the reported p e rs is te n t  c lass I 
negat iv i ty  of pancreatic exocrine ce l ls  in the IFN-gamma treated 
mouse (Skoskiewitz et al 1985).
Following discontinuation of IFN-gamma, levels of class I 
antigen expression declined only gradual ly in exocrine,
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TABLE 5.1
EFFECT OF INTRAPERITONEAL INTERFERON-GAMMA ON THE NUMBERS 
OF CLASS I I  POSITIVE DENDRITIC CELLS IN ADULT RAT PANCREAS
Dose of Class I I  positive
Group interferon gamma dendritic cells/mm2
1 0 3.35 (2.78-3.93)*
2 1 X 104U/kg 8.65 (7.1-10.15)
3 1 X 105U/kg 12.63 (11.63-13.78)
4 1 X 106U/kg 19.80 (17.6-22.7)
♦Results are expressed as the mean of three values 
with the range
165
PLATE 5.8. Cryostat sections of adult rat pancreas from DA rats 
given various single in t ra p e r i to n ea l  doses of IFN-gamma and 
k i l led  3 days la te r .  Sections have been labelled with MRC 0X6 
( a n t i - c la s s  I I )  (x900). Note v isua l ly  appa rent i ncrease in 
positive cells with increasing doses of IFN-gamma. A) Group 2 
(1 x 104U/kg) B) Group 3 (1 x 105U/Kg) C) Group 4 (1 x
endocrine and vascu lar  smooth muscle c e l l s  and even 15 days 
a f t e r  the withdrawal of t reatment,  class I antigen expression 
was s t i l l  in excess of basal values.
In con tras t  to  the marked increase in class I an t igen 
express ion,  pancreat ic  c e l l s  showed l i t t l e  change in class I I  
antigen expression fo l lowing IFN-gamma treatment, with endocrine 
and exocrine ce l ls  remaining class I I  negative. This pers is tent 
negat iv i ty  of exocrine ce l ls  contrasts with the reported patchy 
increases in  class I I  expression seen on mouse exocrine ce l ls  
(Skosk iewi tz  et al 1985) and suggests t h a t  the c lass  I I  
expression seen on exocrine ce l ls  in foetal pancreas a l log ra f ts  
requires e i ther  higher levels of IFN-gamma or the presence of an 
a d d i t io n a l  f a c t o r .  Changes in class I I  ant igen expression 
w i th in  the rat pancreas were res t r ic ted  to an apparent increase 
in the population of class I I  posi t ive i n t e r s t i t i a l  c e l l s ,  and a 
trans ient  change in class I I  expression on vascular endothelium. 
The e f fec t  of IFN-gamma on the class I I  expression of vascular 
e ndo the l ia l  c e l l s  would seem to be dependent on con t inu ing  
levels of c i rcu la t ing  IFN-gamma. Although vascular endothelium 
had become strongly class I I  p o s i t i v e  by day 6, w i th in  three 
days o f  d is c o n t inu ing  therapy a l l  endothel ial  ce l ls  were class 
I I  negative.
The observation of a dose dependent apparent increase in 
numbers of class I I  posi t ive dendr i t ic  ce l l s ,  three days a f te r  
a d m in is t ra t io n  of IFN-gamma, is  in agreement w i th  prev ious 
reports showing a s im i la r  ef fec t  of IFN-gamma on mouse pancreas 
(Skoskiewitz et al 1985) and on the l i v e rs ,  kidneys and hearts
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of  DA ra ts  (Leszczynski et al 1986). Although no d e f i n i t e  
conclusions can be drawn regarding the l ineage from which these 
ce l ls  are derived, the change in the number of class I I  posit ive
ce l ls  fo l lowing the administrat ion of a s ing le  dose of lO^U/kg
of IFN-gamma, represents a s i x f o l d  increase and the re  are 
several poss ib le  sources f o r  t h i s  expans ion in numbers. 
F i r s t l y ,  inc reased  synthes is  o f  c e l l s  w i t h in  an IFN-gamma 
stimulated bone marrow may occur but would appear u n l i k e l y  to 
take place over such a shor t  period of time. Secondly, local 
p ro l i te ra t io n  of ce l ls  could be considered but the absence of an 
observed increase in the numbers of m i to t ic  f igures wi th in the 
pancreas would tend to oppose th is  theory. More l i k e l y  reasons 
f o r  increased numbers of  c lass I I  p o s i t i v e  c e l l s  w i th in  the 
pancreas are e i th e r  recru i tment  of c e l l s  from a c i r c u l a t i n g  
pool, as suggested by Skoskiewicz et al (1985) or induction of 
class I I  ant igen expression on i n t e r s t i t i a l  c e l l s  a l re a d y  
present (but class I I  negat ive in  the unst imula ted s t a t e ) .  
Support f o r  t h i s  concept of induc t ion  of c lass I I  ant igen 
expression in previously-negative i n t e r s t i t i a l  ce l ls  is provided 
by a repor t  by Steeg, Johnson and Oppenheim ( 1982) which 
d e s c r ib e d  inc re a se d  e x p re s s io n  o f  c la s s  I I  a n t ig en s  in 
macrophages exposed to IFN-gamma in v i t r o .
I f  conversion of class I I  negative ce l ls  (already present
in the pancreas) to class I I  p o s i t i v e  c e l l s  can occur, t h i s  
would have im p o r ta n t  i m p l i c a t i o n s  f o r  t e c h n i q u e s  o f  
immunomodulati on used in pancreat ic  i s l e t  and foetal pancreas 
t ra n s p la n t  experiments. Passenger leukocy te  d e p le t i o n  by
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t rea t ing  pancreatic t issue in v i t r o  with anti -c lass I I  antibody 
and complement, might be expected to be ine f fec t ive  in a l te r ing  
immunogenicity i f  a popu la t ion  o f  c lass I I  negat ive c e l l s  
existed that had the potentia l  to  convert to  class I I  p o s i t i v i t y  
with antigen-presenting p roper t ies  fo l l o w in g  t r a n s p la n t a t i o n .  
The e x is te n c e  of such a p o p u la t io n  of c e l l s  may be the 
explanation fo r  the fa i lu re  of in v i t r o  a n t i - c la s s  I I  ant ibody 
and complement treatment to consis tent ly  prolong the survival of 
i s l e t  a l log ra f ts  in strong-responder rat st ra ins (Terasaka et al 
1986) with improvement in resu lts fo l lowing other techniques of 
immunomodulation.
SUMMARY
1) A marked and persistent increase in  MHC class I antigen 
expression is seen on endocrine c e l ls ,  duct epithel ium and 
vascular endothelium in the pancreas glands of adult rats 
t re a te d  wi th  systemic IFN-gamma. De novo expression of 
class I antigens is seen on exocr ine c e l l s  and vascular  
smooth muscle.
2) Changes in MHC class I I  antigen expression are res t r ic ted  
to a t ransient de novo expresion on vascu lar  endothel ium 
and a dose dependent increase in  p o s i t i v e l y  la b e l le d  
i n t e r s t i t i a l  ce l ls .
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CHAPTER 6
IMMUNOGENICITY OF RAT FOETAL PANCREAS ALLOGRAFTS 
THE ROLE OF INTERSTITIAL CLASS I I  POSITIVE CELLS 
INTRODUCTION
Much o f  the  e x p e r im e n ta l  work on th e  avo idance o f  
re je c t io n  of pancreat ic  g ra f ts  in animal models has involved 
techniques of lowering g r a f t  immunogeni c i t y .  By removing or 
modifying the class I I  pos i t ive passenger leukocyte component of 
the g ra f t  p r io r  to  t ransp lanta t ion ,  a reduction in  the antigen 
presenting a b i l i t i e s  of the transplanted t issue has been sought. 
Techniques employed have inc luded t i s s u e  c u l t u r e ,  antibody 
t r e a tm e n t  and u l t r a v i o l e t  i r r a d i a t i o n  and these have been 
discussed previously.
However, the r e la t i v e  importance o f  hos t -de r ived  and 
rec i  pi ent-de r i  ved c e l l s  in antigen presentation remains to be 
e s ta b l ish e d .  L a f f e r t y  o r i g i n a l l y  proposed a t w o - s ig n a l  
hypothesis in which class I I  pos i t ive ce l ls  of donor o r ig in  were 
o f  prime importance in  p ro v id ing  the c ru c ia l  second s ignal  
involved in the af ferent phase of the re ject ion response. (The 
f i r s t  signal being the b ind ing o f  antigen to  the p o t e n t i a l l y  
responsive lymphocyte). Therefore the removal of 'passenger 
leukocy tes '  would re s u l t  in lowered g r a f t  im m u no g en ic i ty  
(La f fe r ty  et al 1983). At f i r s t ,  retransplantat ion experiments 
using rat kidney a l logra f ts  appeared to confi rm the importance 
of host c e l l s  in antigen presentat ion with grafts depleted of
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donor s t r a i n  passenger leukocytes avo id ing  r e j e c t i o n  when 
retransplanted (Lechler and Batchelor 1983). However, i t  l a te r  
became clear that host ce l ls  cou ld ,  in c e r ta in  c i rcumstances, 
serve in place of donor-strain passenger leukocytes and provide 
an a l te rna t ive  pathway for  a l l o s t im u la t i o n  (Sherwood, Brent & 
Rayfiel d 1986).
The th e o re t i c a l  basis of retransplantat ion experiments is 
the observed reduction in the number of donor-type i n t e r s t i t i a l  
d e n d r i t i c  c e l l s  i n  t r a n s p l a n t e d  o r g a n s  f o l l o w i n g  
t ransplanta t ion,  as described in ra t kidney a l l o g r a f t s  (Hart & 
Fabre 1981b) and human and r a t  l i v e r  transplants (Gouw et al 
1987, Gassel et al 1987). Fo l lowing re t ra n s p la n ta t io n  to  a 
second recip ient antigen presentation by ce l ls  from the or ig ina l  
donor would no longer be possible and therefore fo r  re ject ion to 
occur,  antigen presentat ion would have to be by an a l te rna t ive  
pathway. Resu l ts  of t h i s  type of expe r im en t  have been 
inconclusive (Hart, Winnearls & Fabre 1980, Markmann et al 1987, 
Miura et al 1987, Schang et al 1987) and would appear to depend 
on the s tra in  combination and pa r t icu la r  t issue transplanted.
As reported in previous chapters, when DA ra t  fo e ta l  
pancreas grafts are transplanted to Cyclosporin A t re a te d  PVG 
r e c ip ie n t s ,  w i th in  14 days almost a l l  i n t e r s t i t i a l  c lass I I  
pos i t ive cel ls  of donor o r ig i n  have disappeared. The set of  
experiments described below investigates the importance of donor 
s t ra in  class I I  posit ive ce l ls  in foetal pancreas r e je c t io n  by 
examining whether deplet ion of passenger leukocytes by in te r im 
hos t ing  in c y c lo s p o r in - t re a te d  or c o n g e n i ta l l y  athymic PVG
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recipients would lower the immunogenicity of the foetal pancreas 
s u f f i c i e n t l y  to  prevent r e je c t io n  when i t  was subsequently 
retransplanted to an unmodified PVG rec ip ient .
MATERIALS AND METHODS
Transplantation of foetal pancreas and composite grafts
Foetal pancreas transplants to  the l e f t  renal subcapsular 
s i t e  were performed using a standard technique as described 
previously. In some groups, 35 days l a t e r ,  composite g ra f ts  
co n s is t in g  o f  r e c ip ie n t  kidneys plus the transplanted foetal 
pancreas, were retransplanted to  the l e f t  o r th o to p ic  s i te s  of 
animals syngeneic w i th  the pr imary  re c ip ien t  with end to  end 
anastomosis of the renal vessels and ureter .
Graft assessment
Cryostat sections of grafts resident in  the pr imary host 
fo r  35 days were examined fo l lo w in g  l a b e l l i n g  w i th  donor- 
s p e c i f i c  monoclonal a n t ib o d ie s .  MHC class I and c lass I I  
expression of donor-origin was determined.
T h i r t y  f i v e  days a f t e r  p r im a ry  t r a n s p la n ta t i o n  and 
fourteen days a f te r  re t ran sp lan ta t i  on, re c ip ie n t  animals were 
sacr i f iced and the gross appearance of the transplanted pancreas 
was noted and paraf f in  sections s ta ined w i th  Haematoxyl in and 
Eosin and label led with polyclonal a n t i - in s u l in  antibodies were 
examined.
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Cyclosporin A treatment
Rats received 15mg/kg/day o f  cyc lospo r in  A in  o l i v e  o i l
via a gastr ic  tube fo r  35 days.
*
Antibodies
F17-23-2  monoclonal  a n t ib o d y  which re a c ts  w i t h  a 
polymorphic determinant of MHC class I I  I /A antigen present in 
DA but not PVG rats and MRC 0X6 which id e n t i f ie s  a monomorphic 
class I I  determinant present in both DA and PVG ra ts .
Groups
1) DA foetal pancreas PVG (CyA treated, n=3)
2) DA foetal pancreas -*- PVG-rnu/rnu (congenita l ly athymic, n=3)
3) PVG foetal pancreas-*- PVG PVG (n=3)
4) DA foetal pancreas -*- PVG (CyA treated)-*- PVG (n=5)
5) DA foetal pancreas -*■ PVG (congeni ta l ly a thymic)-*► PVG (n=5)
RESULTS
Foetal pancreas transplants in Cyclospor in A - t r e a te d  and 
congenitally athymic PVG recipients
Foetal pancreas g r a f t s  in  group 1 and group 2 animals 
examined 35 days a f te r  transplanta t ion were seen to be heal thy 
and well  vascul a r i  sed. Well preserved pancreatic t issue with 
i n s u l i n - r i c h  areas of endocrine c e l l s  were demonstrated in 
paraff in  sections from a l l  three animals in both groups.
Donor-strain, class I I  pos i t ive ,  graft  i n t e r s t i t i a l  ce l ls  
were e n t i re ly  replaced by leukocytes of  r e c ip ie n t  o r i g i n ,  in
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both Cyclosporin A t re a te d  (group 1) and congenita l ly athymic 
PVG-rnu/rnu (group 2) ra ts .  A l lo g ra f t  MHC antigen expression in 
c o n g e n i ta l l y  athymic ra t  r e c ip ie n ts  resembled th a t  seen in 
Cyclosporin A treated re c ip ie n ts  (see Chapter 3) except tha t  
some small class I I  p o s i t i v e  tubular  structures were v is ib le ,  
represent ing  small ducts or poss ib ly  c a p i l l a r y  endothel ium 
(Plates 6.1A and 6 . IB).
Surv iva l  o f  re t ransp lan ted  foetal  pancreas a l lograf ts  in 
secondary recipients
In group 3, PVG foetal pancreases retransplanted with the 
under ly ing  kidney to a second PVG r e c ip ie n t  35 days a f t e r  
transplantat ion to the o r ig i n a l  PVG host showed h i s t o lo g i c a l  
evidence of graft  v i a b i l i t y  with insu l in  r ich areas of endocrine 
ce l ls  v is ib le  in sections taken from animals sacr i f iced 14 days 
a f t e r  secondary t r a n s p la n ta t io n  (Plates 6.2A and 6.2B). This 
confirmed th a t  g ra f t s  were not s i g n i f i c a n t l y  damaged by the 
retransplant procedure i t s e l f .
In groups 4 and 5, a l l  re t ransp lan ted  fo e ta l  pancreas 
graf ts  were promptly rejected by the secondary hosts , desp i te  
the apparent absence of DA s t ra in  class I I  posi t ive i n t e r s t i t i a l  
c e l l s  w i th in  the pancreas at the time of r e t ra n s p la n t .  A l l  
g r a f t s  examined, at day 14 a f t e r  retransplant were completely 
re jec ted  w i th  no recognisable pancreat ic  elements remaining 
(Plates 6.3A and 6.3B).
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PLATE 6.1. Cryostat sections of DA foetal rat pancreas 35 days 
after  transplantation to PVG recipients (Cyclosporin A t reated  
[Group 1] or congenitally athymic (rnu/rnu) [Group 2]) (x1400). 
Sections have been labelled with F17-23-2 which labels class I I  
an t ig e n  of  DA (donor)  o r ig in  only. Note ne i ther  section  
contains any remaining class I I  positive i n t e r s t i t i a l  ce l ls  of 
donor o r ig in .  In gra f ts  transplanted to congenitally athymic 
PVG rats (Plate 6 . IB) there is evidence of class I I  expression 
on small tubular  structures which is not seen in grafts from 
Cyclosporin A treated recipients (Plate 6.1A).
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PLATE 6 .2 .  Paraffin sections of PVG foeta l  pancreas 14 days 
a f t e r  retranspl  antat ion to a secondary PVG recipient (Group 3) 
A) staining with H+E shows evidence of a viable graft  with well 
preserved areas of endocr ine t i s s u e .  B) l a b e l l i n g  of a 
consecutive section with a polyclonal insulin antibody confirms 
the presence of viable beta cells (x900).
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PLATE 6.3. H+E stained paraffin sections of DA foetal pancreas 
14 days af ter  retranspl antation to a secondary PVG r e c i p i e n t .  
A) No evidence of any surviving pancreatic t issue in a graft  
retransplanted from a Cyclosporin A t reated primary recip ient  
(Group 4) .  B) similar appearance in a graft  retransplanted from 
a congenitally athymic primary recipient (Group 5) (x900).
DISCUSSION
The occurence of  rapid reject ion in retransplanted foeta l  
pancreas g ra f ts ,  which have been depleted of donor-strain class 
I I  p o s i t i v e  i n t e r s t i t i a l  c e l l s ,  suggests t h a t ,  at le a s t  in 
certa in stra ins of r a t s ,  antigen p resen ta t ion  and u l t im a te ly  
r e je c t i o n  o f  fo e ta l  pancreas can take place in the absence of  
donor-stra in passenger leukocytes. I f  t h i s  does represent the 
true s i tua t ion ,  then attempts to reduce g ra f t  immunogenicity by 
in v i t r o  manipulations p r i o r  to  t r a n s p la n ta t io n  would not be 
expected to  prove to  be successful in al lowing prolonged g ra f t  
survival without recip ient immunosuppression.
However, although monoclonal antibody l a b e l l i n g  o f  DA 
foetal pancreas a f te r  35 days residence in a PVG host fa i led  to 
reveal any evidence o f  s u rv iv in g  i n t e r s t i t i a l  c e l l s  of  donor 
o r i g i n ,  the p o s s i b i l i t y  remains tha t  s u f f i c i e n t  class I I  
pos i t ive ce l ls  to i n i t i a t e  a re je c t io n  reac t ion  were presen t ,  
but not detectable by the techniques used. A l te rna t ive ly ,  i t  is 
possible that the transplanted t issue retained the capacity for  
class I I  induc t ion  under cond i t ions  o f ,  fo r  example, a non­
s p e c i f i c  in f lammatory  response r e s u l t i n g  from the trauma o f  
surgery, and that al loantigen presentation might be effected by 
ce l ls  other than i n t e r s t i t i a l  dendr i t ic  c e l l s .  A wide v a r ie t y  
of non-bone marrow derived ce l ls  have been shown to be capable 
of presenting antigen under certain circumstances (Fontana et al 
1984, Malissen et al 1984, Bland & Watson 1986, Umetsu et al 
1986, Rubinstein et al 1987). However antigens in most cases 
have been simple and have usua l ly  involved memory responses.
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Evidence fo r  presentation of t ra n s p la n ta t io n  antigens by non­
bone marrow derived ce l ls  has been res t r ic ted  to observations of 
rec ip ien t  sensi t isat ion by pur i f ied  endothel ial  ce l ls  (Pober et 
al 1983, Hayry et al 1986) which appear to possess addit ional 
features,  other than the capacity fo r  class I I  MHC express ion,  
to  account  f o r  t h e i r  enhanced im m unog en ic i ty . However, 
examination of  longstanding fo e ta l  pancreas a l l o g r a f t s  in  
animals t rea ted  wi th  Cyclosporin A reveals that endothelium is  
of rec ip ient or ig in making antigen presentat ion by endo the l ia l  
ce l ls  less l i k e l y .  This s t i l l  leaves the p o s s ib i l i t y  that duct 
e p i the l ia l  ce l ls ,  with induced class I I  MHC expression can act 
as an t ig e n  p re s e n t in g  c e l l s .  I f  t h i s  was the case, an 
a l t e r n a t i v e  exp lanat ion f o r  the increased immunogenicity o f  
fo e ta l  pancreas prepara t ions  compared with  iso la ted  i s l e t s  
(Simeonovic et al 1984) and p r o i s l e t s  (Simeonovic & L a f f e r t y  
1987) would be antigen presentation by duct epithel ium. A more 
l i k e l y  exp lanation f o r  the  r e j e c t i o n  o f  f o e t a l  pancreas 
a l l o g r a f t s  which have been depleted of donor-strain passenger 
leukocytes is the presentation of antigen by recip ient class I I  
pos i t ive ce l ls .  I t  is l i k e l y  that antigen presentation by th is  
a l t e r n a t i v e  pathway would be more e f f i c i e n t  in some s t r a in  
com b ina t ions  than in others r e f l e c t i n g  vary ing degrees o f  
s i m i l a r l i t y  in antigen c o n f ig u ra t io n  (Sherwood et al 1983). 
Whether or not passenger leukocyte depletion would successful ly 
reduce immunogeni c i t y  would appear to  depend on how e f f e c t i v e  
a l t e r n a t i v e  pathways of an t igen  p re s e n ta t io n  are in the 
pa r t icu la r  s tra in combination or species being s tud ied .  The
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results of a series of experiments carr ied out by Mullen et al 
(1987) using pigs suggest tha t  in la rg e r  animals 'al loimmune 
reactions' can occur in the absence of donor class I I  posi t ive 
c e l l s .  I f  th is  is true fo r  human t i s su e  t r a n s p la n ta t io n  then 
th e  l i k e l i h o o d  o f  t r a n s p l a n t i n g  i s o l a t e d  i s l e t s  w i thou t  
immunosuppression would appear to be remote. Depleting tissues 
of passenger leukocytes p r io r  to transplantat ion would, however, 
at least remove one pathway of a l 1o s e n s i t i s a t io n , leav ing only 
antigen presentation by host ce l ls  which may be a less e f f i c ie n t  
route of s e n s i t i s a t io n  (Sherwood et al 1986). T h e re fo re  
techniques of  passenger leukocyte deplet ion although perhaps not 
e f fec t ive  on th e i r  own, may s t i l l  prove to be synerg is t ic  with 
o ther  techniques o f  prevent ing  g r a f t  r e je c t io n  (Miura et al 
1987) and may allow lower doses of rec ip ien t  immunosuppression 
to be used.
SUMMARY
1) Fol lowing 35 days residence in an interim host, no class 
I I  p o s i t i v e  i n t e r s t i t i a l  c e l l s  of donor s t r a i n  were 
detectable in foetal pancreas a l lo g ra f ts .
2) Despite t h i s ,  retransplantat ion to  an unmodified rec ip ient 
(syngeneic w i th  the in te r im  ho s t )  r e s u l t e d  in ra p id  
re ject ion of foetal pancreas a l lo g ra f ts .
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CHAPTER 7
CLASS I I  POSITIVE INTERSTITIAL CELLS WITHIN ISOLATED 
RAT ISLETS -  THE EFFECTS OF TISSUE CULTURE AND 
ULTRAVIOLET IRRADIATION
Successful in v i t r o  immunomodulation of endocrine g r a f t s ,  
in c lu d in g  iso la ted  i s l e t s  and foe ta l  pancreas, is  ge ne ra l ly  
considered to  result  from a reduction in the numbers of class I I  
pos i t ive passenger leukocytes. The resul t ing diminished antigen 
presenting a b i l i t y  of the g ra f t  removes one potentia l  source of 
al loantigen sens i t isa t ion ,  leaving only antigen presentation by 
host ce l ls  as an ind i rec t  pathway fo r  the induction of re ject ion 
responses. Evidence tha t  the in v i t r o  techniques used do in 
fac t  reduce the passenger leukocyte population has fo r  the most 
part  been i n d i r e c t  and has depended on the demonstrat ion o f  
re ject ion when donor-strain leukocytes are restored (Talmage et 
al 1976, Lacy et al 1981, Moreland & Mullbacher 1987).
With the a v a i la b i l i t y  of spec i f ic  anti -c lass I I  monoclonal 
antibodies i t  is now possible to count the number of class I I  
p o s i t i v e  c e l l s  in i n d i v i d u a l  i s l e t s  usi ng i n d i r e c t  
immunofluorescent staining of  isolated is le ts  (Gebel et al 1983, 
Forsen et al 1984, Gores et al 1986). By using these techniques 
a greater understanding can be obtained of the contr ibution that 
p a s s e n g e r  l e u k o c y t e  d e p l e t i o n  makes t o  t h e  known 
immunomodulating ef fect  of such techniques as t issue culture and 
u l t r a v io le t  i r ra d ia t io n .
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A p r e re q u is i te  f o r  such experiments is the iso la t ion  of 
adequate numbers of v iab le  i s l e t s  which have been a l te red  as 
l i t t l e  as p o s s ib le  d u r in g  the i s o l a t i o n  procedure. Most 
techniques of i s le t  iso la t ion  currently in use are based on the 
or ig ina l  observation by Moskalewski (1965) that digestion of the 
rodent pancreas with collagenase cleaves in tac t  i s le ts  from the 
exocr ine  t i s s u e .  D is tens ion  of  the pancreas by re t rograde 
per fus ion of the pancreat ic  duct with s a l t  s o lu t ion  (Lacy & 
Kostianovsky 1967) and especia l ly with collagenase (Gotoh et al 
1985, Sutton et al 1986), improves the degree of separation 
achieved. Pur i f ica t ion  of the f ina l  i s l e t  preparation from the 
crude digestate usual ly involves a density gradient. O r ig ina l ly  
the sucrose polymer f i c o l  1 was used (Bal l inger & Lacy 1972) but 
more re c e n t l y ,  increased y ie ld s  have been obtained using a 
bovine serum albumin de ns i ty  grad ient  (Lake et al 1987). An 
a l te rna t ive  approach to the pu r i f ica t io n  step involves staining 
i s le ts  by perfusing the pancreas via the aorta with neutral red 
dye p r io r  to removal of the gland. I t  has long been thought 
t h a t  i s l e t s  p r e fe r e n t ia l  l y  take up t h i s  dye (Bensley 1911, 
Bre tze l  et al 1980, Downing et al 1980) and t h i s  has been 
confirmed by the ca re fu l  experiment of Gray et al (1983). By 
using neutral red perfusion and collagenase d ig e s t io n  fo l lowed 
by hand p ick ing  o f  the i s l e t s  w i th  a m ic ro p ip e t te  under a 
dissecting microscope, large numbers of v iab le  i s l e t s  can be 
obtained (Dibel ius et al 1986).
In the fol lowing experiments the effects  of t issue culture 
and u l t r a v io le t  i r ra d ia t io n  on the numbers of i n t e r s t i t i a l  class
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I I  p o s i t i v e  c e l l s  w i th in  i s l e t s  w i l l  be assessed. As hand 
picking of i s le ts  results in an extremely pure i s l e t  preparation 
and th e  om iss ion  o f  the  dens i ty  g rad ien t  step avoids the 
p o s s ib i l i t y  of the gradient medium af fec t ing  antigen expression 
or being se lect ive ly  tox ic  to a pa r t icu la r  c e l lu la r  component of 
the i s l e t ,  an i s le t  iso la t ion  technique combining neutra l  red 
perfusion and ductal in jec t ion  of collagenase with hand picking 
of i s le t s  has been used.
MATERIALS AND METHODS 
Is le t  isolation
Is le ts  were isolated from male DA rats (body weight 200- 
300g) .  The pancreas was f i r s t  sta ined un i fo rm ly  pink by 
perfusion with neutral red solut ion via the aorta. Collagenase 
solut ion was then injected via the common b i le  duct to distend 
the pancreas pr io r  to i t s  removal from the donor. The distended 
pancreas was then chopped and digested with a fu r the r  solut ion 
of collagenase. A f ter  washing, i s le ts  were hand picked under a 
d is s e c t in g  microscope using a micropipette. (Ful l  de ta i ls  are 
provided in Section 2).
V ia b ility  testing
Elec tron  micrographs o f  f r e s h l y  i s o l a t e d  and 21 day 
cultured is le ts  were examined to al low determination of the true 
n a t u r e  o f  t h e  p u t a t i v e  i s l e t s  and t o  i d e n t i f y  any 
u l t ras t ruc tu ra l  evidence of ce l lu la r  damage.
In a d d i t io n ,  sup rav i ta l  s ta in in g  of fresh,  cultured and
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u l t r a v io le t  i r rad iated i s le ts  was carr ied out using f luorescein 
d ia c e t a t e  (FDA) and e th id iu m  bromide (EB). F luoresce in  
diacetate staining of  l i v e  ce l ls  results in  green f luorescence 
of the whole cel l  when viewed under u l t r a v io le t  (UV) l i g h t ,  the 
process being dependent on the c e l l  having an i n t a c t  membrane 
and active in t r a c e l lu la r  esterase enzymes (Rotman & Papermaster 
1966). Ethidium bromide binds to the nuclear DNA of dead ce l ls  
which then appear as red dots under UV l i g h t  (Edid in  1970). 
I s le t  v i a b i l i t y  was scored from zero to  fou r  w i th  a score of  
four representing an i s l e t  containing no dead ce l ls  and a score 
of zero representing an i s l e t  wi th  no v ia b le  c e l l s  remain ing. 
Scores of one, two and three represented is le ts  with 25%, 50% 
and 75% of  f luorescent ce l ls  viable (green).
Antibody labelling of isolated is lets
L a b e l l in g  w i th  the a n t i - c la s s  I I  ant ibody MRC-0X6 was 
ca r r ied  out in test- tubes with incubation at 4°C. Fluorescein 
conjugated ra b b i t  anti-mouse antibody was used as a second 
antibody and MRC-0X21 served as a negative contro l.
Counting of class I I  positive cells
Wet preparat ions of MRC-0X6 label led is le ts  and MRC-0X21 
negative controls were examined under UV l i g h t  at magnifications 
of 250x and 400x. For each experimental group a minimum of 70 
i s l e t s  coming from at leas t  th ree separate i s o la t i o n s  and 
t reatments  were counted. No attempt was made to d i f fe re n t ia te  
class I I  posi t ive ce l ls  into subgroups depending on morphology.
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Tissue culture
Groups of 50 is le ts  were cultured in 95% a i r  and 5% C02 in 
RPMI 1640 w i th  10% fo e ta l  c a l f  serum and L-g lutamine w i th  
streptomycin and p e n ic i l l i n  added. Culture medium was renewed 
every two days.
U ltrav io le t irradiation
Is le ts  were held in cu l tu re fo r  24 hours to al low recovery 
from the i s o la t i o n  procedure. I s l e t s  suspended in c u l tu re  
medium in an open Petri  dish with constant s t i r r i n g  were given a 
to ta l  dose of  900J/m^ of UVB using Westinghouse FS-20 sunlamps. 
Fo l low ing i r r a d i a t i o n ,  i s l e t s  were returned to culture fo r  a 
fu r the r  24 hours p r io r  to antibody labe l l ing  and counting
Class I I  positive cells in freshly isolated and cultured is lets
Freshly isolated is le ts  and is le ts  cultured fo r  48 hours, 
14 days and 21 days were la b e l le d  w i th  MRC 0X6 monoclonal 
antibody and numbers of pos i t ive ce l ls  compared.
Class I I  positive cells in u ltrav io le t treated is le ts
I r r a d i a t e d  i s l e t s  were l a b e l l e d  w i th  the MRC 0X6 
monoclonal antibody and the number of posi t ive ce l ls  compared 
with non-i rradiated controls cultured fo r  48 hours.
S ta tis tica l analysis
Student's unpaired t  tes t  was used in a l l  comparisons.
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RESULTS
Is le t  isolation
I s le ts  were isolated from a to ta l  o f  27 DA ra ts . Between 
113 and 886 i s l e t s  (mean 373.3 + 33.0 SEM) per donor remained 
when hand picking had been repeated at le a s t  tw ice  leav ing an 
extremely clean preparation with pur i ty  assessed at greater than 
99%. Is le ts  with adherent exocrine t issue were discarded.
V ia b ility  testing
Electron microscopy confirmed the endocrine nature of the 
is o la te d  i s l e t s  with well maintained u l t ras t ruc tu ra l  in te g r i t y  
in both the fresh and cultured i s l e t  p repa ra t ions  (P lates 7.1 
and 7.2).
Suprav i ta l  s ta in in g  o f  more than 300 f r e s h l y  iso la te d  
i s le t s  from 10 separate iso la t ions demonstrated l i t t l e  evidence 
of ce l l  death as a resul t  of the iso la t ion  procedure with a mean 
v i a b i l i t y  score of 3.54 (maximum 4) (Plate 7.3).  A f ter  21 days 
in c u l t u re  a l l  i s l e t s  recovered consisted of uniformly viable 
c e l l s  (scor ing  4) . In d iv id u a l  dead c e l l s  were a lso seen 
suspended in culture medium.
Is le ts  irradiated with 900J/m^ UVB and returned to culture 
fo r  a fu r ther  24 hours had a mean v i a b i l i t y  score of 3.62, which 
was not s i g n i f i c a n t l y  d i f f e r e n t  from the score a t ta ine d  by 
f resh ly  isolated is le ts .
Class I I  positive cells in freshly isolated and cultured is lets
When labe l led  i s l e t s  were examined under UV l i g h t  at
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PLATE 7 . 1 .  Electron micrograph of freshly isolated  
i s l e t .  Note well preserved ul trastructural  features 
c e l ls  (B) recognisable by t h e i r  c h a r a c t e r i s t i c  
granules (x2825).
adul t  rat  
with beta- 
s e c r e t o r y
PLATE 7 . 2 .  Electron micrograph of 21 day cultured adult rat 
i s l e t .  No evidence of u l t r a s t r u c t u r a l  damage is apparent.  
Beta-cel1s (B) s t i l l  contain many secretory granules (x2205).
PLATE 7 .3 .  Two viable f reshly  isolated i s l e t s  stained with 
f luorescein diacetate and ethidium bromide and photographed 
using a f luorescent  microscope (xlOO).  A few scattered dead 
(red) exocrine cells are also shown.
m agn i f ica t ions  of 250x and 400x discrete c e l lu la r  sta in ing was 
readi ly id e n t i f ia b le .  By focussing up and down, pos i t ive ce l ls  
wi th in the depths of the is le ts  could be id e n t i f ie d  and counted 
in a d d i t ion  to surface c e l l s .  A progressive decrease was 
noticed in the number of class I I  posi t ive ce l ls  per i s l e t  with 
increasing duration of the cul ture period (Table 7.1).  A f ter  14 
days of  c u l tu re  in 95% a i r  and 5% CC^  the number of class I I  
posi t ive ce l ls  per i s l e t  f e l l  s ig n i f ica n t ly  to approximately one 
t h i r d  o f  th e  number con ta ined in f r e s h ly  i s o la te d  i s l e t s  
(p<0.001). By the twenty f i r s t  day of t issue culture only very 
o c c a s io n a l  i s l e t s  con ta ine d  one or two c lass I I  p o s i t i v e  
i n t e r s t i t i a l  cel ls  (p<0.001).
Class I I  positive cells in u ltravio let treated is le ts
Is le ts  i rradiated with 900J/nr UVB showed no a l te ra t ion  in 
the number of class I I  posit ive cel ls  when i s le ts  were label led 
and examined 24 hours l a t e r  and compared with con tro l  i s l e t s  
cultured fo r  48 hours (10.45 + 0.79 v 9.73 + 0.66 (mean + SEM).
DISCUSSION
The use of neutral red perfusion and collagenase digestion 
of the pancreas fol lowed by hand p ick ing of i s l e t s  allowed 
i s o l a t i o n  o f  a very pure prepara t ion  o f  v iab le  i s l e t s  in 
su f f ic ie n t  numbers to enable in v i t ro  experiments to be carried 
out.  Although there was a wide v a r ia t io n  in  the number of 
is le ts  obtained from one donor, the mean number is o la te d  was 
s ig n i f ic a n t ly  lower than that described by Dibel ius et al (1986)
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TABLE 7.1
CLASS I I  POSITIVE CELLS IN FRESHLY ISOLATED 
AND CULTURED ISLETS
Duration of 
tissue culture
Freshly isolated 
is le ts
48 hours 
14 days 
21 days
Number of is lets  
counted
92
74
101
104
Class I I  positive 
cells per is le t  
(Mean + SEM)
11.02 + (0.7) 
9.73 + (0.66) 
3.52* + (0.36) 
0.13* + (0.01)
♦Numbers of class I I  posi t ive ce l ls  in 14 day and 21 day 
cultured is le ts  were s ign i f ic a n t ly  lower than in fresh ly 
isolated is le ts  (p<0.001).
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using a s im i la r  isolat ion technique. I t  is l i k e l y  that by using 
a prolonged period of s t a t i c  col lagenase d ig e s t io n ,  i s l e t s  
re le a s e d  e a r l y  in  the  d ig e s t io n  process would be f u r t h e r  
digested becoming no longer i d e n t i f i a b l e  as d is c re te  u n i t s .  
However, as the aim of the iso lat ion procedure in th is  instance 
was to obtain adequate numbers of pure undamaged i s l e t s ,  no 
attempt was made to improve i s l e t  y ie lds .
The f inding of 11.02 + 0.7 (mean + SEM) class I I  posi t ive 
ce l ls  per DA rat i s le t  is in broad agreement w i th  some o f  the 
previously reported f igures fo r  rat i s le ts  (Ulr ichs et al 1985, 
Gores et al 1986b) although much h igher and somewhat lower 
numbers have also been described when d i f f e r e n t  s t ra in s  and 
an t ibod ies  have been used (Forsen et al 1984, U l r ichs  et al 
1985). Class I I  p o s i t i v e  c e l l s  there fore  would appear to be 
more numerous in rat i s le ts  than in mouse (Wright et al 1986) 
dog (Gebel et al 1983) and human is le ts  (Nocera et al 1986).
The f in d in g  of  a progressive reduction in the number of 
class I I  p o s i t i v e  c e l l s  with increas ing dura t ion  of t i s s u e  
cul ture again is in agreement with previous reports (Rabinovitch 
et al 1982, Gebel et al 1983, Forsen et al 1984, Ulr ichs et al 
1985). There is however lack of agreement as to the length of 
t ime re q u i re d  to d e p le te  c la s s  I I  p o s i t i v e  c e l l s  t o  
i n s i g n i f i c a n t  numbers. Rabinovitch et al (1982) and Forsen et 
al (1984) could f ind no class I I  p o s i t i v e  c e l l s  remaining in 
W is ta r -Fu r th  and Lewis stra in rat i s le ts  a f te r  culture at 37°C 
fo r  seven and 12 days respectively, while Ulrichs et al (1985) 
found that some class I I  posit ive ce l ls  persisted even a f te r  15
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days of culture. The results described in t h i s  chapter would 
a lso  suggest th a t  a more prolonged period of c u l tu re  was 
required in order to t o t a l l y  deplete is le ts  of class I I  posit ive 
c e l l s ,  and in t h i s  respect i t  was reassur ing to note the 
e x c e l le n t  v i a b i l i t y  and u l t r a s t r u c t u r a l  i n t e g r i t y  of  21 day 
cu l tu red  i s l e t s .  The apparent improvement in v i a b i l i t y  scores 
of cultured is le ts  presumably r e f l e c t s  some form o f  se le c t io n  
process operating with some of the lower scoring fresh is le ts  
doomed to  death and d i s i n t e g r a t i o n  wi th  only the h e a l th ie r  
i s le ts  remaining in tact  a f te r  21 days in cultu re.
p
Exposure of is le ts  to UVB i r rad ia t ion  in a dose of 900J/nr 
has been shown to reduce i s l e t  immunogenicity s u f f i c i e n t l y  to 
a l l o w  s u c c e s s f u l  a l l o g r a f t i n g  w i t h o u t  r e c i p i e n t  
immunosuppression in certain rat stra in combinations (Lau et al 
1984a). An in te re s t in g  observation from the same group of 
researchers was the discovery that unless UVB i r rad ia ted is le ts  
were then res ted  in t i s s u e  cu l tu re  f o r  24 hours p r i o r  to  
transplanta t ion, reject ion would proceed in an unmodified manner 
(Hardy et al 1984). Therefore although UVB i r rad ia t ion  had been 
shown to have no effect on class I I  expression on per iphera l  
blood and d e n d r i t i c  c e l l s  when t h i s  was assessed immediately 
a f te r  i r rad ia t ion  (Lau et al 1983, Apri le  and Deeg 1986, Gruner 
et al 1986) there remained the p o s s ib i l i t y  that the e f fec t  of 
UVB on antigen expression took several hours to occur. Support 
fo r  a delayed effect of UVB on antigen expression seemed to be 
provided by measurements of HLA-DR an t igen  exp ress io n  on 
per iphera l  blood monocytes at various t ime in te r v a l s  a f t e r
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i r rad ia t ion  (Gruner et al 1984) and t h i s  might have expla ined 
the importance of the 24 hour recovery period described by Hardy 
et a l , although these results are as yet unconfirmed.
The perceived lack of e f fect  of UVB i r r a d i a t i o n  on class
I I  expression described in th is  chapter is in keeping with the
f in d in g s  from skin where the immunomodul a t ing  e f f e c t  of UV 
i r r a d i a t i o n  appears to be independent o f  changes in class I I  
e xp ress ion  ( Czerni el ewski et al 1984) or d e p le t io n  o f  
Langerhan's c e l l s  (the main class I I  p o s i t i v e  c e l l  in  sk in )  
(Odling et al 1987). I t  is more l i k e ly  therefore , that i f  UVB 
i r r a d i a t i o n  a f fe c ts  antigen presentat ion i t s  immunomodul a t i  ng 
ef fec t  on is le ts  is due to some other e f f e c t  on the d e n d r i t i c  
c e l l ,  which reduces i t s  a b i l i t y  to present antigen independent 
of antigen expression.
As each freshly isolated i s le t  contains on average only 11 
class I I  posit ive ce l ls ,  in 1500 pure is le ts  (a number general ly
agreed to be su f f ic ien t  to reverse diabetes in rats) there would 
only be 1.65 x 10^ class I I  p o s i t i v e  c e l l s .  This number is  
probably jus t  adequate to induce a reject ion response (Lechler & 
Batchelor 1982), therefore in stra in combinations where antigen 
presenta t ion  is  ma in ly  by donor s t r a i n  c e l l s ,  p u r i t y  o f  
preparation is extremely important and only a re la t ive ly  modest 
decrease in d e n d r i t i c  c e l l  numbers or a c t i v i t y  should be 
e f f e c t i v e  in prolonging su rv iva l .  On the otherhand, in those 
stra in  combinations where even 21 days t issue c u l tu re  f a i l s  to  
prolong the survival of pur i f ied  i s le ts ,  by which time less than 
200 c lass I I  p o s i t i ve  c e l l s  per 1500 i s l e t s  would remain,
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antigen presentat ion by host c e l l s  is  l i k e l y  to  be of  major
importance.
SUMMARY
1) Neutral red perfus ion and col lagenase d ig e s t io n  o f  the
adu l t  ra t  pancreas fo l lowed by hand p ick ing  of i s l e t s  
a l lows i s o la t io n  o f  a very pure p repara t ion  o f  v iab le  
i s l e t s ,  in s u f f i c i e n t  numbers to enable in v i t r o  
experiments to be carr ied out.
2) Culture of isolated is le ts  in standard medium results in a
progressive decrease in the number of class I I  pos i t ive 
c e l ls .
3) Af ter  21 days of t issue cul tu re , i s le ts  contain only very
occasional class I I  pos i t ive ce l ls .
4) I r r a d i a t i o n  w i th  900J/m^ UVB does not  r e s u l t  in  a
reduction in the number of class I I  p o s i t i v e  c e l l s  found 
wi th in i s le ts .
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CHAPTER 8
FOETAL PANCREAS TRANSPLANTATION IN DIABETIC RATS 
-  PROBLEMS WITH THE EXPERIMENTAL MODEL
Foetal pancreas isogra f t  and a l log ra f t  survival is usual ly 
evaluated by monitor ing the diabetic control of the rec ip ient . 
For t h i s  to  prove a r e l i a b le  means of assessment there are 
s e ve ra l  p r e r e q u i s i t e s  f o r  a proposed experimental model. 
F i r s t l y ,  i t  must be poss ib le  to es tab l ish  a s tab le  d ia b e t ic  
s ta te  in  a group of  p o te n t ia l  r e c ip ie n t  animals. Secondly, 
successful transplantat ion should be accompanied by a consistent 
improvement in glucose homeostasis. F i n a l l y ,  fo l lo w in g  the 
subsequent removal of the transplanted t issue, the animal should 
return to i t s  diabetic state.
Experimental model of diabetes mellitus
As discussed in Section 1 the c la s s ic a l  model f o r  the 
production of diabetes is to ta l  pancreatectomy (Minkowski 1892, 
Banting and Best 1922). In the r a t ,  techn ica l  d i f f i c u l t i e s  
associated with the blood supply and size of the pancreas have 
led  re se a rc h e rs  to  deve lop an a l t e r n a t i v e  model in which 
diabetes is induced by the a d m in i s t r a t i o n  of a che m ic a l ,  
s e l e c t i v e l y  t o x i c  to  the beta cel ls  of the endocrine pancreas. 
The or ig inal  agent used was Alloxan (reviewed by Okamoto 1970) 
b u t  t h i s  has f o r  t h e  most p a r t  been s u p e rc e d e d  by 
streptozotocin, a drug with fewer side ef fec ts .  When given as a
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s in g le  int ravenous dose of 55-65mg/kg, streptozotocin re l ia b ly  
induces a stable diabetic state by v i r tue  of i t s  tox ic  e f fec t  on 
pancreatic beta ce l ls  (Junod et a l , 1967).
In a series of experiments s t re p tozo toc in  was injected 
in to  the dorsal vein of the penis in 20 DA and 17 PVG rats in a 
s in g le  dose of 65mg/kg. As s t r e p t o z o t o c i n  is r a p i d l y  
inactivated at neutral pH, i t  was prepared immediate ly before 
a d m in is t ra t io n  and the pH adjusted to 4.5. Blood glucose was 
measured before and 48 hours and two weeks a f te r  streptozotocin 
in jec t ion  and the results are summarised in Table 8.1.
Random blood glucose estimations in DA and PVG rats p r io r  
to  streptozotocin treatment f e l l  w i th in  a f a i r l y  narrow range 
w i th  no r a t  having a blood glucose higher than 14mmol/l itre. 
A l l  rats showed a diabetic response to s t rep tozo toc in  although 
there was a wide range of blood glucose levels at both 48 hours 
and two weeks a f t e r  i n j e c t i o n .  No ra t  had a blood glucose 
measurement lower than 21mmol/l at any time a f te r  streptozotocin 
in jec t ion .  In a group of 10 DA and six PVG rats followed fo r  a 
f u r t h e r  10 weeks, blood glucose re s u l ts  in DA ra ts  remained 
stable while PVG rats showed a s l igh t  tendency to worsening of 
hyperglycaemia.
I t  would the re fo re  appear tha t  a s ing le  i n j e c t i o n  of 
65mg/kg of streptozotocin re l iab ly  induces a d ia b e t ic  s ta te  in 
the group of DA and PVG rats under study. However, the somewhat 
unpredictable severi ty of the diabetes could lead to problems 
with the standardisation of post-operative insu l in  regimens.
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TABLE 8.1
BLOOD GLUCOSE LEVELS IN DA AND PVG RATS BEFORE 
AND AFTER INTRAVENOUS STREPTOZOTOCIN (65mg/Kg)
Random Blood Glucose 
Stra in Number (mean + SE)
48 hrs 2 weeks
Before a f te r  a f te r
DA 20 10.75+0.26 30.91+1.29 34.44+1.32
(range (range (range
8.2-12.5) 21.4-47.4) 24.1-47.6)
PVG 17 11.25+0.32 39.1+1.14 35.3+1.78
(range (range (range
8.7-13.8) 31.8-48.2) 26.5-51.6)
*  Values are expressed in mmol/ l i t re
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Transplantation of foetal pancreas
Transp lan ta t ion  of  foeta l  rat pancreas at an appropriate 
stage of development to the renal subcapsular s i t e  has been 
shown to successful ly reverse chemically-induced diabetes (Brown 
et al 1974). However, results are very dependent on the exact 
g es ta t iona l  age of  the t ransp lan ted  t i s s u e ,  on the ca re fu l  
control of hyperglycaemia in the f i r s t  few days post-transplant 
and on the volume of t i s su e  t ransp lan ted  (Brown et al 1974, 
Garvey et al 1980b). The par t icu la r  importance of the avoidance 
o f  extremes of  hyperglycaemia whi le  the t ransp la n te d  foe ta l  
pancreas is maturing, is emphasised by the observat ion tha t  a 
s in g le  fo e ta l  pancreas is su f f ic ien t  to f u l l y  reverse diabetes 
in ra ts  i f  i t  is  f i r s t  of a l l  a l lo w e d  to m a tu re  and 
d i f f e r e n t i a t e  f o r  three weeks in a normoglycaemic intermediate 
host p r io r  to  transplantat ion to the diabet ic recip ient (Mullen 
et al 1977).
Isografts
Foetal pancreas is o g ra f t s  were carried out on 16 DA and 
three PVG re c ip ie n ts  which had been rendered d ia b e t ic  by a 
s ing le  s t rep tozo toc in  in jec t ion given at least two weeks pr io r  
to transplantat ion.  Seven or eight foetal pancreas glands (17- 
18 days gestation) were transplanted beneath the capsule of each 
rec ip ien t 's  l e f t  kidney. In four of the DA isograft  experiments 
fo e ta l  pancreases had been kept in t issue culture fo r  21 days 
p r io r  to transplantat ion (see Chapter 1). Al l recip ient  animals 
received e igh t  d a i ly  inject ions of protamine zinc insu l in  at a
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dose of  3-6 un i ts  per day depending on d a i l y  blood glucose 
estimations.
Only fou r  of  12 rec ip ients  of uncultured foetal pancreas 
i s o g ra f t s  had complete reversal of d iabetes.  This occurred 
immediately a f te r  cessation of insu l in  in two animals and a f te r  
f i ve  and seven weeks in the other two recip ients. Al l  four of 
these successful ly transplanted animals reverted to the diabetic 
state when th e i r  l e f t  kidney, bearing the pancreas g r a f t ,  was 
la te r  removed.
A l l  three PVG animals receiving foetal pancreas isografts  
became normoglycaemic w i th in  two weeks of t r a n s p la n ta t io n .  
However, when nephrectomies were ca r r ied  out a f u r t h e r  fou r  
weeks l a t e r ,  one animal died immediately afterwards and the 
other two remained normoglycaemic.
The fou r  DA rats  rece iv ing  isograf ts  of 21 day cultured 
foetal pancreas a l l  eventual ly became normoglycaemic. Two had 
normal blood glucoses two weeks a f te r  transplantat ion and the 
others became normoglycaemic a f te r  three and 13 weeks. However, 
in one o f  the animals wi th  normoglycaemi a at two weeks, blood 
glucose levels were again elevated one week l a t e r .  The other 
animal with normoglycaemia at two weeks post-transplant remained 
normoglycaemic despi te removal of the k idney bear ing  the 
pancreas gra f t  four weeks a f te r  reversal of the diabetic state, 
whi le the other two recipients restored to normoglycaemia, again 
became diabetic fol lowing removal of th e i r  grafts .
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Allografts
Seven d iabe t ic  PVG rats were transplanted with DA foetal 
pancreas in a s imilar  manner to that described fo r  the isogra f t  
experiments. In ad d i t io n  to  e igh t  d a i l y  insu l in  in jec t ions ,  
recipients of a l logra f ts  were given 15mg/kg of Cyclosporin A by 
gavage on a continual  d a i l y  basis. Four a l lo g ra f t  recipients 
died within one month of t ransp lan ta t ion  (s ix  days, s ix  days, 
four weeks, and four weeks). One fur ther  animal survived fo r  12 
weeks a f te r  transplantat ion,  but remained hyperglycaemi c. Two 
o f  the seven PVG recip ients became normoglycaemic, in one case 
immediately a f te r  the cessation of i n s u l i n  and in another a 
f u r t h e r  one week l a t e r .  However when these two animals had 
t h e i r  g ra f ts  removed four  weeks a f t e r  the r e s t o r a t i o n  o f  
normoglycaemia, only one became hyperglycaemic again, the other 
dying on the f i r s t  post-opert ive day.
Problems with the experimental model
Intravenous streptozotocin admin is t ra t ion  (65mg/kg) is a 
r e l i a b l e  method o f  inducing a stable diabet ic state in DA and 
PVG ra ts .  As the se ve r i t y  of the re s u l ta n t  hyperglycaemia 
var ies  through a wide range i t  is impractical to administer a 
standard da i ly  dose of insu l in  when t rea t ing  re c ip ie n ts  in the 
f i r s t  e igh t  days a f t e r  t r a n s p la n ta t io n .  Ins tead,  a s l i d i n g  
scale regimen was derived and subsequently modi f ied .  The dose 
o f  subcutaneous protamine z inc i n s u l i n  (PZI) in je c te d  d a i l y  
varied from three units (when blood glucose was between 12 and 
15mmol/l i tre) to six units (when blood glucose was greater than
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24mmol/I i t r e ) . On the f i r s t  day tha t  the blood glucose f e l l  
below 12mmol/I i t r e , three un i ts  of PZI were given unless the 
blood glucose was less than 5mmol/ l i tre. On subsequent days no 
i n s u l i n  would be given when the blood glucose was less than 
12mmol/Ii tre.
Although i t  is general ly recommended that t ra n s p la n ta t io n  
is only carried out a f te r  the recipient  has been diabet ic fo r  at 
le a s t  two weeks, l e s t  t h e r e  i s  a spontaneous r e t u r n  t o  
normoglycaemia, there was no evidence from th is  current study to 
support the necessity fo r  th is  practice.
The reason or reasons fo r  the r e l a t i v e l y  poor rate o f  
success of foetal pancreas isografts in th is  study are d i f f i c u l t  
to de term ine .  Reversal of d iabe tes  w i th  re tu rn  to the 
hyperg lycaem ic  s t a t e  f o l l o w i n g  g r a f t  removal con f i rmed 
successful t r a n s p la n t a t i o n  in only 33% of u n c u l tu re d  DA 
isograf ts .  In the three PVG isograft rec ip ients ,  although a l l  
three animals became normoglycaemic fo l lo w in g  t r a n s p la n ta t io n ,  
the  death o f  one animal and the continued normoglycaemi a 
fo l lo w in g  g ra f t  removal in the other two animals makes i t  
impossible to exclude the p o ss ib i l i t y  that reversal of diabetes 
was due to spontaneous recovery of native beta ce l l  fu n c t io n .  
A l though  no u n t ra n s p la n te d  ra t  spontaneously returned to  
normoglycaemia, temporary function of transplanted t issue or the 
a f f e c t s  of  exogenous in s u l i n  administrat ion may allow damaged 
but v iab le  native beta c e l l s  an oppor tun i ty  to  repa i r  and 
recover.
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Even i f  the PVG isografts  are regarded as 'successes' th is  
s t i l l  only gives a to ta l  response rate of 58% which is poorer 
than the results obtained by ea r l ie r  investigators (Brown et al 
1974, Garvey et al 1980b). Possible reasons fo r  inco ns is ten t  
r e s u l t s  inc lude the d i f f i c u l t y  of maintaining diabet ic control 
wi th  exogenous in s u l i n  during the c r i t i c a l  period of g r a f t  
maturation, and perhaps problems related to the handling of the 
foetal pancreas t issue and i t s  placement on the kidney surface. 
Whatever the reasons i t  is  c lea r  tha t  in our hands assessing 
g ra f t  survival by using functional c r i t e r ia  alone would produce 
misleading results.
I t  is  i n te r e s t in g  to  note tha t  in two of the successful 
uncul tured i s o g ra f ts  and in one of the successful cu l tu red  
i s o g r a f t s ,  reversal o f  hyperglycaemia occurred several weeks 
a f te r  transplanta t ion.  This delayed reversal has p rev ious ly  
been described (Garvey et al 1980b, Mullen and Shintaku 1980) 
and is thought to be due to the immature pancreat ic  t i s s u e  
requir ing a period of maturation and growth before being able to 
respond to a hyperglycaemic challenge. During t h i s  t ime g r a f t  
su rv iva l  can not be determined by measuring blood glucose 
levels.
C u l tu r ing  foe ta l  pancreas f o r  t h r e e  weeks p r i o r  to  
t r a n s p l a n t a t i o n  did not appear to adverse ly a f fe c t  g r a f t  
f u n c t io n ,  and a l l  fou r  re c ip ie n ts  of  cu l tu red  t is su e  became 
normoglycaemic .  However, the spontaneous recurrence o f  
hyperglycaemia in one re c ip ie n t  and continued normoglycaemi a 
fol lowing graft  removal in another prevents any conclusion being
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drawn regarding the be n e f i t s  o f  c u l t u r in g  to  fo e ta l  pancreas 
isograf t  function.
Of seven a l l o g r a f t  r e c ip ie n t s ,  fou r  died whi le  s t i l l  
hyperglycaemic and a fu r the r  animal died fo l lowing nephrectomy. 
This high morta l i ty  is probably related to the combined ef fects 
of prolonged hyperglycaemia wi th  accompanying weight loss and 
dehydration and to  the oral  ad m in is t ra t ion  o f  Cyclosporin A 
which, as discussed in Chapter 3, even in normoglycaemic 
an imals, re s u l ts  in an increased morta l i ty  (Rynasiewicz et al 
1980).
In view of these problems with the experimental model, 
p a r t icu la r ly  with regard to the Cyclosporin A treated animals, a 
dec is ion  not to  use d i a b e t i c  an imals in  g r a f t  s u r v i v a l  
exper im ents  seems j u s t i f i e d .  This would also avoid any 
immunosuppressive e ffect of the diabetic s ta te  in f lu e n c in g  the 
re ject ion response. To avoid the d i f f i c u l t i e s  described above, 
in the i n t e r p r e t a t io n  o f  the  r e s u l t s  o f  f o e t a l  pancreas 
t r a n s p l a n t  expe r im e n ts ,  the use of gross inspect ion  and 
h is to logica l  examination, perhaps coupled w i th  the measurement 
of g ra f t  insu l in  content, would allow a clearer picture of g ra f t  
survival to  be obtained.
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SUMMARY
1) In t ra v e n o u s  a d m i n i s t r a t i o n  o f  a s i n g l e  dose o f  
S trep tozo toc in  (65mg/kg) is a r e l i a b le  way of inducing 
diabetes m e l l i t u s  in  DA and PVG r a t s ,  a l th ou g h  the 
se v e r i t y  of the re s u l t in g  hyperglycaemia is somewhat 
unpredictable.
2) The functional results of foetal pancreas isogra fts  can be 
in c o n s is te n t .  Delayed reversal of hyperglycaemic and 
spontaneous recovery o f  na t ive  beta c e l l  fu n c t io n  may 
confuse the in terpreta t ion of resu lts.
3) There is a high morta l i ty  in diabet ic recipients of foetal 
pancreas a l log ra f ts  receiving oral Cyclosporin A.
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CONCLUDING REMARKS
There is  at le a s t  suggestive evidence in d ic a t i n g  th a t  
close con tro l  of a d ia b e t ic  p a t ie n t ' s  glucose metabol ism is  
necessary i f  long-term complications are to be minimised. I t  is 
u n l i k e l y  tha t  mechanical systems of insu l in  del ivery w i l l  ever 
reach the required leve l  o f  s o p h is t i c a t io n ,  and even i f  they 
d id ,  the d ia b e t i c  p a t i e n t  would be destined to a l i f e  o f  
permanent attachment to a mechanical device. What is  required 
is a method of beta cel l  replacement which could be ins t i tu ted  
soon a f te r  the diagnosis of diabetes had been es tab l ished  but 
before compl icat ions had developed. As only a proportion o f  
diabetics develop long-term complications, any trea tment would 
have to be associated with a lower leve l  of m o rb id i ty  and 
inconvenience than occurs as a consequence of regular exogenous 
in s u l i n  a d m in is t ra t io n ,  although i f  a subgroup of patients at 
increased r isk could be iden t i f ied  at an early stage, a s l i g h t l y  
higher level of morbidity might be acceptable.
Of the alternatives fo r  beta cel l  replacement although the 
results of whole organ and segmental pancreas t r a n s p la n ta t io n  
are s te a d i l y  improving as technical d i f f i c u l t i e s  are gradually 
overcome and immunosuppressive regimens and the diagnosis of 
re ject ion become more sophist icated, the hope fo r  the future is  
that transplantat ion of isolated is le ts  or foetal pancreas w i l l  
become a c l in ica l  r e a l i t y .
The two major  o b s ta c le s  p r e v e n t in g  th e  widespread 
introduction of th is  form of beta cel l  replacement are f i r s t l y  
the need to develop an e f fec t ive  method of i s l e t  iso la t ion  from 
a sui table donor source and secondly, in common with other types
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of t issue transplanta t ion, the barr ier  of re ject ion needs to be 
overcome. Recent advances in i s l e t  iso la t io n  technology (Gray 
et al 1986, Lake et al 1987) have gone pa r t  o f  the way to  
so lv ing  the f i r s t  problem but donor supply remains a major 
concern.
Regarding the problems of re ject ion, i t  would appear that 
the early  impression of increased inherent immunogenicity of 
isolated is le ts  (Nash et al 1977) and foetal pancreas (Garvey et 
al 1979, Spence et al 1979, Mullen & Shintaku 1980) was l i k e l y  
to  have been re la te d ,  at leas t  in part,  to contamination with 
s ign i f ica n t  quanti t ies of lymphoid t issue  and h ig h ly  p u r i f i e d  
p repara t ions  o f  i s l e t s  (Gotoh et al 1986) of foetal pro is le ts  
(Prowse et al 1983) were la te r  shown to fare better
With the  r e a l i s a t i o n  o f  the  c e n t r a l  im po r ta nce  o f  
p a r t i c u l a r  MHC class I I  p o s i t i v e  ce l l  types in the antigen 
presenting phase of the afferent  limb of the re ject ion response, 
an exc i t ing  new area of transplantat ion research has opened up. 
The p o s s ib i l i t y  of being able to transplant t i s s u e  w i thou t  the 
need f o r  immunosuppression, or at least with lower doses, has 
been suggested by the results of experiments designed to reduce 
gra f t  immunogenicity by reducing the numbers of these passenger 
class I I  posit ive ce l ls .  The a b i l i t i e s  of both isolated is le ts  
and foe ta l  pancreas to remain v iab le  in c u l tu re  medium make 
these  t i s s u e s  u n iq u e l y  a p p r o p r i a t e  f o r  t h i s  l i n e  o f  
t ra n s p la n ta t io n  research, and the need to develop a system of  
beta c e l l  replacement which doesn' t  requ ire  high leve ls  o f  
immunosuppression provides f u r th e r  impetus to these research
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i n i t i a t i v e s .
Foetal pancreas would seem to  have some advantages over 
iso la ted  i s l e t s  fo r  c l i n i c a l  t r a n s p la n ta t io n .  F i r s t l y ,  the 
problems of iso la t ion  associated w i th  i s l e t s  d o n ' t  e x i s t  and 
secondly foetal pancreas has a greater potential fo r  growth and 
development (M a i t la n d  e t  al 1980) . I f  an a p p r o p r i a t e  
gestational age is chosen, a period in t issue culture allows fo r  
the select ive survival of the endocrine component (Mandel et al 
19 82 ) .  The p o s s i b l e  a d d i t i o n a l  advantage of a lo w e r  
immunogenicity has been ten ta t ive ly  suggested by some c l i n i c a l  
resu l ts  in non-immunosuppressed recipients where there appeared 
to be moderately long-term survival of transplanted human foetal 
pancreas (Chastan et al 1980).
Based on e a r l i e r  exper ience with fo e ta l  sk in g r a f t s  
(Bi ll ingham & Silvers 1964, Wachtel & Si lvers 1972, Heslop et al 
1973) i t  was i n i t i a l l y  hoped that the immaturity of the foetal 
pancreas t i s s u e  would confer advantages in terms of a lower 
inherent immunogenicity. With the real isat ion of the importance 
of MHC antigen expression in the re je c t io n  response, the low 
leve ls  o f  MHC antigen expression found in fo e ta l  t i s s u e  in 
general (Ozato et al 1985, Sewell et al 1986) seemed to support 
t h i s  prospect .  However, t ra n s p la n ta t io n  of fo e ta l  pancreas 
without  immunosuppression was in v a r ia b ly  fo l lowed by rap id  
re je c t io n  (Spence et al 1979, Garvey et al 1979, Mullen & 
Shintaku 1980), a f inding seemingly at odds with the prevai l ing 
theories regarding immunogenicity and usual ly explained as being 
a consequence of the t ra n s p la n ta t io n  of c lose ly -assoc ia ted
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lymphoid t issue.
To help resolve some o f  these uncerta int ies surrounding 
the t ra n s p la n ta t io n  of foe ta l  pancreat ic  t i s s u e ,  i t  seemed 
de s i ra b le  to  f i r s t  establ ish some basic data regarding the MHC 
a n t ige n  exp ress io n  of ra t  f o e t a l  pancreas in both the  
unstimulated and the stimulated state.
The l a b e l l i n g  of ra t foe ta l  pancreas wi th  app ropr ia te  
anti -c lass I and a n t i - c la s s  I I  monoclonal an t ibod ies  c l e a r l y  
establ ished the very low levels of MHC antigen expression found 
in  fo e ta l  pancreas compared to adu l t  ra t  pancreas, f in d in g s  
which were in broad agreement with what had been described in 
var ious species f o r  o ther foe ta l  organs (Ozato et al 1985, 
Sewell et al 1986). However, despite t h i s  seeming lack o f  
target antigen fo r  the efferent limb of the immune response and 
despite the apparent scarcity of class I I  posit ive ce l ls  to  take 
par t  in antigen p resen ta t ion ,  unm od i f ied  a l l o g r a f t s  were 
nevertheless rapidly rejected.
By al lowing the foetal pancreas to develop in cul ture for  
seven days before assessing antigen expression i t  became c lea r  
th a t  the necessary i n t r a c e l l u l a r  mechanisms fo r  the synthesis 
and exp ress ion  of MHC an t igens  were p resen t  w i t h i n  the 
supposedly immature t i s s u e .  The development of a pattern of 
antigen expression more c lose ly  resembling tha t  of the adu l t  
animal than the ch ro n o lo g ic a l l y -e q u iv a le n t  neonatal an imal, 
seemed to point to the existence with in the foe ta l  environment 
of an in h ib i t in g  factor  (perhaps of importance in the tolerance 
of the mother to the part ly  foreign t issue of the foetus) or the
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lack o f  a s t im u la t in g  fa c t o r  which was present in standard 
unmodif ied cu l tu re  medium. That foe ta l  pancreas was indeed 
capable o f  expressing high levels of MHC antigen was confirmed 
by adding interferon-gamma to the culture medium and observing 
de novo expression of class I I  antigen and increased levels of 
class I antigen expression.
Careful examination o f  monoclonal a n t i b o d y - l a b e l l e d  
c ryo s ta t  sect ions f a i l e d  to f ind  any evidence of class I I  
antigen expression on the endocrine cel ls  o f  the pancreas from 
any of the stra ins of rats tested, regardless of maturi ty , even 
in the presence of interferon-gamma st imula t ion, confirming the 
f in d in g s  of  the m a jo r i t y  of e a r l i e r  repor ts  (Faustman et al 
1980, Parr et al 1980, Baekkeskov et al 1981, Hart & Fabre 1981, 
Alejandro et al 1982, Rabinovitch et al 1982, Hart et al 1983, 
Gebel e t  al 1983, S te in ig e r  et al 1984). However, w i th in  
in d iv id u a l  adul t  i s le t s  and also scattered throughout the rest 
of the pancreas, a separate population of i n t e r s t i t i a l  class I I  
p o s i t i v e  d e n d r i t i c  c e l l s  was observed suggesting that even a 
completely pure preparation o f  iso la ted  i s l e t s  would con ta in  
ce l ls  po ten t ia l ly  capable of presenting antigen.
C hange s  i n  a n t i g e n  e x p r e s s i o n  i n  re s p o n s e  t o  
transplantat ion have been well described in other t issues and 
o th e r  spec ies  (see I n t r o d u c t i o n  and H i s t o r i c a l  Review). 
Following the observed changes in foe ta l  ra t  pancreas antigen 
expression in culture and with interferon-gamma i t  seemed l i k e l y  
that th is  t issue would also be able to increase the leve ls  of 
antigen expression in response to transplantat ion.
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By choosing the DA to PVG rat s tra in combination fo r  the 
t ra n s p la n ta t io n  of 17 day ges ta t ion  foe ta l  pancreas i t  was 
possible to  separately id e n t i f y ,  donor and rec ip ient  s t ra in  MHC 
antigen expression on c r y o s t a t  s e c t io n s  us ing  a v a i l a b l e  
monoclonal ant ibod ies s p e c i f i c  fo r  polymorphic determinants 
d i f fe r in g  in the two s tra ins .  Direct examination confirmed the 
i n i t i a l  growth and v a s c u la r i s a t io n  o f  both i s o g r a f t s  and 
a l l o g r a f t s  w i th  signs of r e j e c t i o n  becoming obvious in 
a l l o g r a f t s  by the s ix th  day. Ser ia l  examination of  antigen 
expression again confirmed tha t  foe ta l  pancreas was indeed 
capab le  o f  e x p ress in g  an t igen .  Even in the absence o f  a 
re ject ion response, foetal pancreas transplanted in to  the adult 
environment as an isog ra f t  rapidly developed levels of antigen 
expression s im i la r  to the adu l t  p a t t e r n ,  again p r o v i d i n g  
suggest ive evidence th a t  the low levels of antigen expression 
seen in f resh ly  isolated foetal pancreas were a consequence of 
the foetal  environment.
The changes in antigen expression fo l lowing a l log ra f t ing  
of foetal pancreas were s im i la r  to that seen w i th  vascul ar ised 
adu l t  ra t  pancreas a l l o g r a f t s  (Steiniger et al 1985). As MHC 
class I I  antigen expression appears to be p a r t i c u la r ly  important 
in  c o n t r i b u t in g  to the overal l  immunogenicity of a t issue,  the 
f ind ing of increased levels of MHC class I I  ant igen expression 
on duct ep i the l ium  and exocrine c e l l s  o f  a l l o g r a f t e d  foe ta l  
pancreas may be s ig n i f i c a n t  and may even suggest tha t  foe ta l  
pancreas would be l i k e l y  to  be more immunogenic than isolated 
is le ts  or pro is le ts .  I f  these non-bone marrow derived class I I
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posit ive ce l ls  were able to present antigen in a manner relevant 
to  the t ra n s p la n ta t io n  response, t h i s  would also provide an 
e x p l a n a t i o n  f o r  t h e  d e s c r ib e d  r e l a t i v e  r e s i s t a n c e  to  
immunomodulation of foe ta l  pancreas compared wi th  i s o la te d  
is le ts  (Simeonovic et al 1980, Garvey et al 1980a).
As no form of i mmunomodu 1 a t  i on has been complete ly  
e f fec t ive  fo r  foetal pancreas i t  is  l i k e l y  th a t  some form of  
immunosuppress ion would be required to enable successful 
a l log ra f t ing .  Currently, Cyclosporin A has general ly proved to 
be the most useful immunosuppressive agent with a c t i v i t y  in a 
wide range o f  c l i n i c a l  and experimental organ t ra n s p la n ts .  
However, early results with isolated is le ts  and foeta l pancreas 
were d isa p po in t in g  (Morr is et al 1980, Garvey et al 1980b) 
although more recently when highly pur i f ied is le ts  were used and 
when blood levels of Cyclosporin A were maintained f o r  longer ,  
results have been more encouraging (Dibel ius et al (1986).
Previous studies of the e f fec t  of Cyclosporin A on foetal 
pancreas a l log ra f t  survival had used the reversal of diabetes as 
the main ind icator  of graft  surv iva l.  An investigation of the 
r e l i a b i l i t y  of the s t r e p t o z o t o c i n - d i a b e t i c  r a t  as an 
experimental model in foetal pancreas transplantat ion revealed 
several p o te n t ia l  problems. F i r s t l y ,  the s e v e r i t y  of the 
induced diabetes was very variable making the standardisation of 
maintenance i n s u l i n  regiments  d i f f i c u l t .  Second ly ,  the 
f u n c t i o n a l  response to  t r a n s p la n ta t i o n  was u n r e l ia b le  as 
although a l l  Cyclosporin A t rea ted  a l l o g r a f t  r e c ip ie n ts  had 
h i s to lo g i c a l  evidence of su rv iv in g  foe ta l  pancreas t i s s u e ,
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several animals did not become normoglycaemic at any stage. In 
a d d i t i o n ,  in those animals showing a good functional response, 
the t ime to  reversa l o f  diabetes was very va r ia b le  and on 
occasions ref lected recovering native beta cel l  function rather 
than a l lo g ra f t  surv iva l .  Also Cyclosporin A is  t o x i c  to  the 
beta c e l l s  and might be expected to fu r the r  compromise g ra f t  
fu n c t io n  making the assessment of g r a f t  s u rv iv a l  even more 
d i f f i c u l t .  T h e re fo re ,  in o rder  to i n v e s t i g a t e  whether 
Cyclospor in A was o f  value in p r o lo n g in g  f o e t a l  pancreas 
a l l o g r a f t  s u r v i v a l  in two s t r a i n  c o m b in a t io n s ,  s e r i a l  
h is to logica l  evaluation was used rather than functional studies. 
This also allowed the use of non-d iabe t ic  recip ients thereby 
avo id ing the high death ra te  seen in  d i a b e t i c  r a t s  g iven  
Cyclosporin A by gavage.
The f ind ing that Cyclosporin A does indeed al low prolonged 
su rv iva l  of foe ta l  pancreas g ra f ts  was in disagreement w i th  
e a r l i e r  repor ts  (Garvey et al 1980b) and in d ica ted  th a t  the 
pessimism regarding the l i k e l i h o o d  of Cyclosporin A being of 
value in i s l e t  and foetal pancreatic transplants may have been 
unwarranted.
Possible mechanisms by which Cyclosporin A exerts  i t s  
immunosuppressive e f fe c t  in foe ta l  pancreas a l l o g r a f t s  were 
suggested by measuring MHC antigen expression and determin ing 
the phenotype of i n f i l t r a t i n g  c e l l s .  In agreement with the 
resul ts of Cyclosporin A treatment in other transplanted organs 
(Milton et al 1986), antigen expression was found to be reduced 
to a level s im i lar  to that of i s o g ra f t s ,  whi le  changes in the
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magnitude and phenotype of  the c e l l u l a r  i n f i l t r a t e  suggested 
tha t  there were also e f fe c ts  on the e f fe re n t  phase of the 
r e je c t io n  response. In p a r t i c u l a r  there  were much sma l le r  
numbers of NIC cel ls  and T(cytotoxic/suppressor) c e l l s  and very 
few IL-2 receptor posit ive T ce l ls  (s ign i fy ing a c t i v i t y )  wi th in 
the foetal  pancreas in Cyclosporin A treated recip ients.
The presence of large numbers of MRC 0X8 positive/MRC 0X19 
negat ive c e l l s  in the i n f i l t r a t e  found in unmodified re ject ing 
a l l o g r a f t s  would be cons is ten t  w i th  th e o r ie s  o f  r e j e c t i o n  
impl icat ing T cel ls  as the in i t i a t o r s  of the re ject ion response 
w i th  no n -s p e c i f i c  e f f e c to r  c e l l s  r e c r u i t e d  i n t o  the  area 
p roduc ing  the t i s s u e  damage. However, the a l t e r n a t i v e  
explantat ion that activated T cel ls  actual ly  cause most o f  the 
gra f t  damage with non-specific ce l ls  i n f i l t r a t i n g  the area as a 
secondary respone to in ju ry ,  cannot be excluded.
Although the changes in MHC an t igen  e xp re ss io n  on 
t ransp lan ted  foe ta l  pancreas a l l o g r a f t s  were, to  an ex te n t ,  
predictable,  the increased antigen expression on the rec ip ien t 's  
kidney tubu les adjacent to  the g r a f t  was unexpected. The 
tubular antigen was confirmed to be re c ip ie n t  antigen and the 
pa t te rn  o f  induc t ion  was cons is ten t  wi th  the d i f f u s i o n  o f  a 
soluble mediator from effector  c e l l s  w i t h in ,  or close t o ,  the 
g ra f t .  Although there was evidence from transplants between FI 
and p a re n t - s t ra in  animals, tha t  a mi ld  g r a f t  versus host 
reac t ion  did occur on occasions, i t  was f e l t  t h a t  the MHC 
antigen induc t ion  as a consequence of t h i s  was u n l i k e l y  to  
c o n t r i b u t e  s i g n i f i c a n t l y  to  the immunogenicity o f  foe ta l
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pancreas gra f ts .
The altered pattern of antigen expression in a l l o g r a f t e d  
pancreas was very s im i la r  to that observed in foetal pancreas 
glands cultured with interferon-gamma, a lymphokine thought to  
be of p a r t i c u l a r  importance in antigen induction fo l lowing the 
transplantat ion of other organs in other species (Skoskiewicz et 
al 1985, Leszczynski et al 1986, Hayry et al 1986). In order to 
e s ta b l is h  whether the changes in  a n t ig e n  e x p re s s io n  seen 
fol lowing vascularised pancreas a l log ra f ts  in rats (Ste in iger et 
al 1985) could be explained as being wholly as a consequence of 
the r e le a s e  of in te r fe r o n - g a m m a ,  t h i s  lymphokine was 
administered in t raper i tonea l ly  to groups of rats and i t s  effects  
assessed using sequential analysis of cryostat sections label led 
w i th  appropr ia te  monoclonal an t ibod ies .  These experiments 
con f i rm ed th a t  interferon-gamma on i t s  own, could produce 
profound a l te rat ions in both the d is t r ib u t io n  and i n t e n s i t y  o f  
MHC class I and class I I  ant igen expression and is therefore 
worthy of consideration as an antigen-inducing agent in pancreas 
a l l o g r a f t i n g  and as such may re p re se n t  a t a r g e t  f o r  
immumnosuppressive s t r a te g ie s .  In con t ras t  to  the  marked 
increase in class I antigen expression on pancreatic endocrine 
and exocrine cel ls  fol lowing interferon-gamma a d m in is t ra t io n ,  
the absence of class I I  expression on both these c e l l  types 
suggests that the induction of class I I  ant igen expression on 
exocr ine c e l l s  fo l lo w in g  a l l o g r a f t i n g  (Ste in iger et al 1985) 
requires the part ic ipation of an addit ional f a c t o r  (probably  a 
lymphokine), or higher concentrations of interferon-gamma.
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Although no d e f i n i t e  conclusions can be drawn regarding 
the ce l l  l ineage of the class I I  posit ive ce l ls  which increased 
in  a dose dependent manner f o l l o w i n g  in te r fe ro n -g a m m a  
administrat ion,  one p o s s ib i l i t y  is that class I I  negative ce l ls  
a l ready present w i th in  the pancreas are converted to class I I  
posi t ive ce l ls  in s i tu ,  in a s im i lar  manner to that reported fo r  
c lass I I  negat ive macrophages exposed to interferon-gamma in 
v i t r o  (Steeg et al 1982). I f  th is  was the case there would be 
clear implicat ions fo r  immunomodulation techniques used in i s l e t  
t r a n s p la n ta t io n  which invo lve  treatment wi th a n t i - c la s s  I I  
a n t ib o d y  and complement and m igh t  e x p la in  the  r e l a t i v e  
ineffect iveness of th is  method of immunomodulation compared with 
others in certain s tra in combinations (Terasaka et al 1986). I t  
may therefore be necessary to ensure maximal expression of class 
I I  a n t ig e n s  by t r e a tm e n t  w i th  in ter feron-gamma p r i o r  to  
immunomodulation treatment with class I I  antibody.
Most experimental methods of immunomodulation appear to  
achieve t h e i r  e f fe c t  by removing or inac t iva t ing  donor-strain 
c lass I I  p o s i t i  ve cel 1s p r i  or to  t r a n s p la n t a t i o n . I t  i s ,  
however, becoming increasingly well recognised that host class 
I I  p o s i t i v e  c e l l s  can, in c e r ta in  c i rcumstances, provide an 
a l t e r n a t i v e  route fo r  antigen presenta t ion  (Sherwood et al 
1986).
The re la t ive importance of host and donor ce l ls  in antigen 
presenta t ion  would appear to depend on the t issue transplanted 
and the par t icu la r  strain-combination being considered. In an 
attempt to ascerta in the re la t ive  importance of the two routes
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of antigen expression in foetal pancreas a l log ra f ts  in the DA to 
PVG s t ra in  combination, foetal pancreas grafts  were depleted of  
donor-strain class I I  posit ive ce l ls  by two systems o f  in te r im  
hos t ing .  The a v a i l a b i l i t y  of a congen i ta l ly  athymic PVG ra t 
made th is  s t ra in  combination pa r t icu la r ly  convenient to study.
The f ind ing of rapid reject ion of retransplanted DA foetal 
pancreas g ra f t s  despi te  the apparent absence of donor-strain 
passenger leukocytes suggests tha t  in t h i s  s t ra in -com b ina t ion  
ant igen presen ta t ion  by host c e l l s  is  probably e f f e c t i v e  in 
i n i t i a t i n g  a reject ion response. Therefore in at least some rat 
s t ra in  combinations immunomodulation of foetal pancreas p r io r  to  
t ra n s p la n ta t io n  would not be expected to prevent subsequent 
r e j e c t i o n  and a t  l e a s t  some d e g r e e  o f  r e c i p i e n t  
immunosuppression would be required. Whether or not antigen 
p resen ta t ion  by re c ip ie n t  c e l l s  would be o f  s ig n i f i c a n c e  in 
c l in ic a l  foetal pancreas t ra n s p la n ta t io n  cannot be pred ic ted 
from these results . However, immunomodulation, by removing one 
pathway of antigen presentation, may al low a reduct ion in the 
immunosuppression r e q u i r e d ,  which would be o f  p a r t i c u l a r  
importance i f  the beta-cel1- tox ic  agent, Cyclosporin A was being 
used.
That the immunomodul a t i  ng e f f e c t  of cu l tu r ing  is le ts  is 
due to a reduction in the number of class I I  pos i t ive ce l ls ,  is 
based mainly on i n d i r e c t  evidence. By lab e l l in g  isolated rat 
i s l e t s  with appropria te  a n t i - c la s s  I I  an t ibod ies  before and 
a f te r  various periods in t issue cul ture, i t  was established that 
in agreement with previous reports (Rabinovi tch et al 1982,
211
Gebel et al 1983, Forsen et al 1984, Ulrichs et al 1985), class 
I I  p o s i t i v e  c e l l s  did indeed dimin ish ra p id ly  being almost 
completely undetectable a f te r  21 days. This may not, of course, 
be the only immunomodulating e f f e c t  of t issue  c u l t u r e ,  but 
labe l l ing  of class I I  posit ive ce l ls  may be of value in in v i t r o  
studies designed to ascertain the optimal length of cul ture for  
i s o l a t e d  i s l e t s  or  f o e t a l  pancreas p r i o r  t o  c l i n i c a l  
t r a n s p la n ta t io n .  In con tras t  to extended periods of t i s s u e  
cul tu re, UVB in doses shown to reduce i s l e t  immunogenicity (Lau 
et al 1984a), does not result  in a reduction in the to ta l  number 
o f  class I I  p o s i t i v e  c e l l s ,  again confirming previous reports 
which studied i rradiated skin (Czernielewski et al 1984, Odling 
e t  al 1987) and suggests t h a t  at  l e a s t  some forms o f  
immunomodulation act independent ly  of changes in a n t ig e n  
expression but may s t i l l  in h ib i t  antigen presentation.
Counting the numbers of class I I  posit ive ce l ls  in f resh ly  
i s o la te d  i s l e t s  revealed th a t  the t o t a l  number in a mass of  
pu r i f ied  is le ts  su f f ic ien t  to reverse diabetes in rats was jus t  
above the number regarded as being s u f f i c i e n t  to  induce a 
re je c t io n  response (Lechler & Batchelor  1982). Therefore in 
s t r a in  combinations where p resenta t ion  of  antigen by donor- 
s t ra in  ce l ls  is the dominant mechanism, only a re la t i v e ly  modest 
decrease in dendr it ic  cel l  numbers would be required to prolong 
g ra f t  s u r v iv a l .  In a d d i t io n ,  as only very small numbers o f  
class I I  p o s i t i v e  c e l l s  e x i s t  a f t e r  21 days, r e je c t io n  o f  
p u r i f i e d  cu l tu red  i s le ts  would imply that antigen presentation 
was by the al te rnative pathway involving recip ient  ce l ls .
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Taken toge the r ,  d i r e c t  l a b e l l i n g  o f  c lass I I  p o s i t i v e  
c e l l s  may p rov ide  a use fu l  means by which the r e l a t i v e  
importance of host and donor antigen presenting c e l l s  in  g r a f t  
re ject ion could be ascertained for various tissues in d i f fe ren t  
species. As a r e s u l t ,  immunomodulation of  donor t i s s u e  or 
rec ip ient immunosuppression could be used where appropriate.
In summary, a l th ou g h  ra t  f o e t a l  pancreas no rm a l ly  
expresses very low leve ls  of MHC ant igen ,  fo l lo w in g  var ious 
forms o f  s t im u la t io n  such as a l log ra f t ing  or interferon-gamma 
t rea tm en t ,  both c lass I and c lass  I I  a n t ig e n  e x p re s s io n  
increase. By studying transplanted foetal pancreas graf ts  using 
ser ia l h is to logica l  examination of a n t ib o d y - la b e l le d  c ryos ta t  
s e c t i o n s ,  c h a n g e s  i n  a n t i g e n  e x p r e s s i o n  and t h e  
immunosuppressive e f f e c t  of Cyclosporin A were demonstrated. 
F ina l ly  measurements of MHC antigen expression may be useful in 
assessing the effectiveness of immunomodulation techniques and 
may provide some help in enabl ing the de term inat ion  o f  the 
re la t ive  importance of host and donor an t igen -p resen t ing  c e l l s  
in the re ject ion of d i f fe ren t  t issues.
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